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Chapter i 


Introduction 


D own through history food has been man’s most important 
problem. Clothing, housing, education, and amusement 
have always had a lower priority rating than food. Man’s his- 
tory has always been a race between food supplies and the 
number of mouths to be fed. In this respect man’s existence 
is like that of other forms of life. The fishes struggle for the 
meager food supplies of the oceans. Plants struggle against the 
elements — poor soil and too much or too little rainfall — and 
against other plants. The plant-consuming animals contend for 
their meager supplies. If there is an abundance of plants, the 
numbers of rabbits, zebras, giraffes, and buffaloes increase rap- 
idly. The carnivorous animals also have a continuous struggle 
for existence. America’s wolves and panthers, Africa’s lions, and 
Asia’s tigers multiply until they reach the limit of their food 
supply. Man, whether he lives on meat or plant food, finds the 
struggle equally difficult. I.ike other animals, he multiplies 
quickly whenever his food supply is increased. 

The difficulty of obtaining food has influenced man’s religious 
views. Frequently he has included in his concept of the hereafter 
those scarcities which most plagued his existence or blocked his 
aspirations while on earth. Early biblical history records the 
giving of meat animals as a sacrifice to the Deity. At different 
times and places it has been the custom to place food in or on 
graves; the modern well-fed American has substituted flowers. 
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The American Indian had for his hereafter a “happy hunting 
ground” wliere there was an abundance of easily caught game. 

Toward the end of the eighteenth century Malthus observed 
this struggle between population and food supply and set it 
down as a “law” of nature. Briefly, the law states that man tends 
to midtiply more rapidly than his food supply increases. So long 
as this law operates man is almost continuously on the verge of 
starvation. 'I’he current ideas of great world surpluses contra- 
dict the laws of nature, the history of mankind, and the realism 
of Malthus. 

Although most of man’s existence has been blighted with food 
shortages, there have been ocxasional periods when there was 
a relative abundance of food in some regions. Soon after the 
western hemisphere was opened up, immigrants flowed to North 
and South America and relieved .somewhat the pressure of pop- 
ulation on the F.uropean food supply. These immigrants pro- 
duced increasing amounts of food and had a sharp rise in their 
standard of living even though the population expanded rapidly. 
For about a century, half the world had what might be called 
a relative abundance of food. Alan ate well, ate white bread in- 
stead of black, and ate increasing amounts of animal products. 

.\bout 1900 this period of relative abundance began to draw 
to a clo.se. The population was increasing faster than food sup- 
plies. and the consumption of the highly prized meats was de- 
iieasing. A world-wide campaign was initiated to make tw'o 
blades of grass grow where one grew before. This period of 
scarcity was temporarily arrested by World War I, which reduced 
the number of F.uropean consumers with no diminution of food 
production. 

During the late twenties and early thirties food prices de- 
clined with the world-wide collapse in all prices. Europe, the 
.Americas, and Oceania planned to reduce food production, dis- 
pose of “surpluses,” and the like. Despite this great “abundance,” 
the undernourished and ill-fed third were discovered. The poli- 
ticians. nutritionists, and economists did an unusually effective 
job of convincing the people of Europe and the New World that 
food habits should be upgraded. Just how continued food sur- 
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pluses and an undernourished third existed side by side for two 
decades has not been explained. 

It is in just such an environment of muddled thinking that 
many find themselves today. Some believe that the possibilities 
of expanding food production are practically unlimited and 
must be controlled, whereas others believe that little opportunity 
exists for much expansion. Some believe that the average diet 
of the world could be greatly improved by the wise use or 
redistribution of accumulated “surpluses.” Others believe that 
there are no surpluses, that the accumulated stocks would not 
feed the world for long, that little food is wasted, and that re- 
distribution would be blocked by consumers in the contributing 
nations. 

In view of this confusion and diffcrenc e of opinion, an attempt 
will be made to present some facts about the food haltits of the 
world’s two billion people, about the diflering degrees of pres- 
sure on food supplies, about the production of food and the 
prospects for its increase, and about the possibilities of upgrad- 
ing food habits. 




Chapter 2 


Production, Trade, 
and Consumption 

PRODUCTION 

A nnually the world produces about 3,686 billion pounds 
Lof food products, exclusive of forage crops and pasture 
(table 1). Plant foods represent about 85 per cent of this total, 
whereas the production of animal products is relatively small, 
563 billion pounds. 

The various plant and animal products differ widely in their 
moisture content. On the average they are about half water. 


Table i. APPROXIMATE WORLD FOOD PRODUCTION • 


KIND OF FOOD 

BILLION 

Wet 

POUNDS 

Dry 

PER CENT 

Wet Dry 

Grains f 

1,076 

1 ,508 

45-5 

82.4 

Vegetables and fruits 1 

•-376 

>37 

37-3 

7-5 

Sugar 

7 * * * § 

7> 

»-9 

3-9 

Milk 

428 

55 

11.5 

3.0 

Meat § 

102 

50 

2.8 

2.7 

Fish 

*3 

5 

0.6 

0.3 

Eggs 

16 

4 

0.4 

0.2 

TOTAL 

3,686 

1,830 

100.0 

100.0 


• Not all this food was consumed by human beings. About 40 per cent of the 
grain was fed to livestock and used for seed. 

f The term grains as used here includes the cereals, oil-l)earing seeds, beans, 
peas, peanuts, etc. 

J Potatoes and cassava or manioca were included with the vegetables and fruits. 

§ Poultry was included with the meat. 
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()n a dry basis tlie world’s food production is 1,830 billion 
pounds. Plant foods represent 94 per cent of this total, and the 
highly prized animal foods only 6 per cent. Grains, the mature 
seeds of plants, represent four-fifths of the total and are by all 
odds the most important part of world food production. The 
leaves, stems, saps, roots, and immature seeds of plants repre- 
sent about one-tenth. Of the highly prized foods, milk and meat 
are over ten times as important as fish and eggs. 

Asia and f'urope produce about two-thirds of the world’s food 
(table 2). 7'hese two continents and North America produce 
almost nine-tenths of the world’s food, .\frica. South .America, 
and Oceania produce only 12 per cent, although their land sur- 
face is nearly as large as that of Asia, Kurope, and North America. 

Tabi.f. 2. Af*J*R()XIM.\TE C;ONl INEN l AL FOOD PRODUCTION 


CONTINENl 

miJJON POIJND.S 
Wet Dn 

PFR CKN r 

I)r> 


Asia 

1,522 

727 

40 


Kurope 


5*9 

28 


North America 

599 

364 

20 


Africa 

210 

102 

6 


South America 

«77 

97 

5 


Oceania 

4 ' 

21 

1 


WORLD 

^.686 


100 



Asia is the world’s greatest food producer, but animal products 
are only a stuall part of her food. She produces 41 per cent of the 
world’s plant foods, which is about equal to the production of 
Europe and North .America combined (table 3). On the other 
hand, Asia produces only one-sixth of the world’s meat, dairy, 
and poultry products, whereas Europe and North .America pro- 
duce almost three-fourths. 

Grains represent over 80 per cent of the world’s food produc- 
tion, on a dry basis. Wheat, corn, and rice in that order are the 
most important grain crops and represent about half of the 
world’s grain production. Oats, rye, barley, and oil-bearing seeds 
are next in importance and account for over one-fourth. 
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Wheat ranks first or second in importance on each of the six 
continents. North America produces the largest part of the 
world’s corn crop, although corn is giown in most other sections 
of the world. The bulk of the world's rice and oil seeds is pro- 
duced in .\sia. Oats are raised mainly in the cool parts of Europe 
and North America. Rye is largely confined to the sandy and 
poorer soils of northern Europe. \'egetables are produced every- 
where. 


Table 3 . APPROXIMATE CONTINENTAL PRODUCTION OF 
PLANT AND ANIMAL FOODS— Dry Basis 


CONTINENT 

lULLlON POUNDS 

PER CEN r 

Plant 

Animal 

Plant 

Animal 

Asia 

7^9 

18 


16 

Europe 

466 

53 

*7 

47 

North America 

337 

27 

20 

H 

Africa 

98 

3 

6 

3 

South America 

89 

9 

5 

8 

Oceania 

18 

3 

1 

2 

WORLD 

1.717 

»>3 

100 

100 


Sugar, like wheat, is produced on all continents. Most of the 
sugar beets are raised in Europe, and most of the sugar cane on 
a few islands around Asia and North America ’ that have the 
special climatic conditions necessary for efficient production. 

Milk is produced everywhere, but most of it is produced in 
the cooler parts of Europe and North America where there is 
an abundance of hay and pasture. 

Beef, the most important meat, is produced everywhere, but 
production is greatest in Europe and North and South America. 
Although cattlemen take pleasure in their jokes about “dairy 
beef,” milk and beef production are usually closely associated. 
Discarded dairy cows may not produce the juiciest steaks, but 
they are an important source of beef. In fact, most of the world’s 
“beef” is old, worn-out bullocks, oxen, beef and dairy cows. 


1 India and Brazil are the largest continental producers. 
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camels, and horses. The animals known as “beef cattle” are pro- 
duced in almost every country. Except for those raised on the 
lush pastures of Argentina, however, most of them range over 
pastures that are not good enough for milk cows. 

The production of pork, which ranks next to beef in impor- 
tance, is also greatest in Europe and North America. North 
American pork is produced largely from the corn crop. Europe’s 
pork is produced from a variety of low-grade grains, root crops, 
whey, and skim milk. In most of the rest of the world pigs are 
raised as scavengers. 

All over the world sheep, goats, yaks, and the like browse over 
pastures too poor to maintain cattle. They are an unimportant 
source of meat to all except the nomads and others who live on 
the poorer parts of the earth. Asia, Australia, and Africa, with 
huge amounts of poor land, produce more lamb and mutton 
in proportion to other meats than do the other three conti- 
nents, Europe and the Americas. 

C^hickens and other classes of poultry comprise only a small 
part of the world’s food. They are widely scattered and most 
of them are scavengers. 

FEED AND SEED 

About 40 per cent of the world’s grain is used as seed or is fed 
to livestock. Part is fed as grain and part as a wide variety ol 
by-products, such as wheat bran, corn gluten, etc. North America 
feeds a larger proportion of its grain to livestock than any other 
continent; Europe is a close second (table 4). On these conti- 
nents feed and seed together represent 75 and 61 per cent of the 
production, respectively. Europe and North America produce 
less than half the world’s grain but feed over 80 per cent of that 
fed to the world’s livestock. 

Asia, the world’s greatest grain producer, diverts only 14 per 
cent of its production to feed and seed. Human beings are so 
numerous there, in proportion to the amount of grain, that they 
eat most of it and use a minimum as food for livestock. 
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Table 4. APPROXIMATION OF GRAIN USED FOR FEED AND 

SEED— Wet Basis 


CONTINENT 

BILLIONS OF POUNDS 

PER CENT 

Production 

Feed and seed 

Feed and seed 

Asia 

683 

98 

H 

Europe 

453 

276 

61 

North America 

342 

»55 

75 

Africa 

95 

12 

13 

South America 

86 

29 

34 

Oceania 

17 

7 

4 ‘ 

WORLD 

1,676 

677 

40 


TRADE 

An enormous amount of food moves within countries, a much 
smaller amount from one nation to another on a given continent, 
and only a small quantity from continent to continent. The bulky 
citrus fruits and vegetables from Calilornia, Florida, and T exas 
are carried thousands of miles to northeastern United States. 
Kansas' wheat, Iowa’s hogs, and Wisconsin’s cheese are trans- 
ported long distances within the United States. Relatively little 
food, however, moves either in international trade among the 
nations of North America or in intercontinental trade. 

In Asia, on the other hand, food is seldom moved long dis- 
tances, even within her countries. This is due to the fact that a 
high percentage of the people are farmers, most of whom pro- 
duce only enough food for their own subsistence and a little for 
the local officials and tradesmen. Asia, also, has little interna- 
tional or intercontinental trade in food. 

Of all the continents, Europe has the largest volume of trade 
among continents, the largest volume of trade among its nations, 
and the largest volume of trade within the countries. 

Only a small part of world food production, about 67 billion 
pounds or six per cent, enters into intercontinental trade (table 
5). Asia, the largest producer of food, exports only two per cent 
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of her j)roduction. Oceania, the smallest producer, exports the 
largest proportion. Exports are much more important to South 
America and Oceania than they are to the other continents. 


Tabi k 5. APPROXIMAl E PRODUCTION AND INTERCONTINEN- 
TAL 1 R ADE— Dry Basis 


CONIINENF 

HILI I 

Production • 

'I raclc 

I rade 

Asia 


12 exported 

2 

Europe 

27! 

(>7 imported 


North America 

12Ji 

18 exported 

If) 

Africa 


f) e\])()ried 

7 

South America 

7 > 

22 exported 


Oceania 

*5 

9 exported 

60 

WORLD 

1.210 

67 exported and 

6 


imported 


* less feed and seed. 

Of the six continents, only Euiope has an exicss of imports 
over exports. She imports (>" billion pounds, whidi is 25 per 
tent ol her ptoduction. About one-lourth of this imported food 
comes from North .America, a third fiom South .America, and 
iwo-hftbs from .Asia, Oteania, and .Aliica. 

.Animal products are a small ptoportion ol the world’s food 
production, and an even smaller proportion of the worlci’s trade, 
six and four per cent respectively (table ( 5 ). Stated another way, 
only about two per cent of the world’s food from animal .sources 

l ABi-K 6. APPROXIM.ATE PRODUCTION .VND INTERCONTINEN- 


TAL TRADE IN ANIMAL AND PLAN! FOODS— Drs Basis 


KIND OF FOOD 

BILLIONS OF POUNDS 
Production Trade 

PER CENT 

Trade 

Animal 


2.7 

2 

Plant 

i, 7>7 

64.8 

4 

Animal food, per cent 

6 

4 

- 
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moves from one continent to another compared with four per 
cent of that from plants. 

Almost nine-tenths of the world’s intercontinental trade is in 
cereals and other seed products (table 7). Wheat alone is almost 
half, and wheat and corn are two-thirds of this trade. Highly 
perishable products like fruits, \egetables, and animal products 
are a relatively unimportant part of the tonnage. 

Table 7. APF*ROXIMA'I F. INTE RCON FINENTAL TRADE IN FOOD 
PRODUCrrS— Drv U.isis 


KIND OF FOOD 

BIl JdON FOUNDS 

FFR CFN r 

Grain • 

Wheat 



46 

Gorn 



21 

Barley 

4,0 


ft 

Rice 



5 

Other 

6.1 


9 

Total 


. 59 “ 

QC 

1 

Sugar 


5 * 

8 

Animal products 


2-7 

4 

Fruits and vegetables 


0.6 

1 

rOFAI. 


<• 7 -.5 

100 


• Including those used for livestock feed. 

CONSUMPTION 

The world consumes annually about 1,400 pounds of food 
per capita (table 8). C^onsumption varies from about 1,200 
pounds in .Asia and Africa to 1,600 or more pounds in North 
.America, Euro{)e, and Oceania. In terms of dry matter, world 
consumption averages 558 pounds per capita. Consumption is 
highest in Europe and lowest in Asia, but the difference is not 
large. The amount of dry matter consumed varies less than the 
total intake. This is due primarily to the ratio of the amount of 
animal products to grains. The latter have the lower moisture 
content. North Americans consume about a third more food 
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than Asiatics, but the difference in dry matter is only four per 
cent. The world needs no social uplifter tcj equalize the amounts 
of dry matter consumed on different continents. More inequality 
exists in the types of foods eaten than in the amount. The Eskimo 
lives on frozen lish, blubber, and reindeer meat, taken straight. 

Tablf. 8. APPROXIMATE ANNUAL. CONSUMPTION OF FOOD 


CONIINKNI 

10 r \I.. BIE! JON POUNDS 

PER CXPITX, POUNDS 

Wet 

Dry 

Wet 

Di\ 

Asia 


627 

1,22^^ 

513 

Europe* 

<M7 

5138 

1 , 6.17 

oc 

North America 

.'JO? 

104 

1 ,668 

567 

Africa 

1 90 

86 

1 ,210 

545 

Sf)Uth America 

122 

J 9 

U.H 7 ' 

552 

Oceania 

20 

6 

1,818 

572 

VVORIJ) 

2*997 

1. 2 10 

1 .‘^81 

.5.58 


The tropical man con.sumes mostly plant lood: he eats little meat. 
Between the.se two extremes there is a witle range in the propor- 
tion o( plant and animal products in man’s diet. For the world, 
animal products represent q per cent of consumption, but the 
percentage varies from *{ for Asia to 25 or more for North Amer- 
ica and Oceania (table 9). The North .\meric an consumes more 
animal food in a day than the .-\siatic does in a week. The Euro- 
pean has a relatively high standard of living. He consumes about 
twice as much of the highly prized foods as the world average, 
and only a third less than the North .American. 

Judging from .Asia, which is always hovering around the starva- 
tion line, it would appear that at least 500 pounds of dry matter 
are needed to prevent starvation. On the other hand, it would 
seem that a diet of over 600 pounds probably results in too much 
waistline, or the gout, or both. The difference between too little 
and too much is probably smaller than is commonly thought. 
Some say that the .Asiatics eat little food because they are so poor, 
and that the Americans eat much because they are so wealthy. 
Others say that the Asiatics eat large amounts because they work 
hard, and the Americans eat little because they lead a leisurely 
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life. The only leisure class in the Ignited States consists of tramps, 
who do not work but have marvelous appetites. Most of these 
speculations are flights of imagination or reasoning from er- 
roneous "facts.” 


Table 9. APPROXIMATE AMOUNT OF PLANT AND ANIMAL 
FOOD CONSUMED— Dry Basis 


CONTINENI 

PER CAPITA. POUNDS 

PER CKN r 

Animal 

Plant 

1 oial 

Animal 

Asia 

16 

527 

518 

s 

Europe 

97 

490 

00 

>7 

North America 

MS 

424 

.'')87 

25 

Africa 

21 

ryH 

54 .') 

4 

South America 

87 

4 fi 5 

552 

iC 

Oceania 

208 

.H<'1 

.572 

.*56 

WORLD 

.52 

5<>5 

558 

9 


A summary of the cost of living for 29 countries confirms this 
evidence on world consumption, which was derived from pro- 
duction studies. The pounds of dry matter per caj)ita eaten in 
the form of grain, other plant foods, and animal products are 
approximately equal whether estimated from the cost of living 
or the production studies * (tables 10 and 1 1): 


GROUPS OF FOOD 

Grain 

Other plants 
Animal products 
Total 


PRODUCriON 

4«9 

97 

.'>2 

558 


COST OF LIVING 

420 

lOO 

49 

569 


2 The total consumption indicated by the cost-of-living studies is slightly greater 
than that shown by the pro<Iuction studies. Most of the difference is due to the 
larger amount of grain reported in the cost-of-living studies. 

Even by continents, the total amount of food consumed was alK)ut the same, 
except for South America and Oceania. The cost-of-living studies would indicate 
that the stalwart people of Australia and New Zealand eat only 423 pounds of 
dry matter, which appears to be an underestimation. Probably the South American 
does not eat so much as the 619 pounds indicated by the cost-of-living studies. For 
every continent except Europe and Oceania these studies report a higher pro- 
portion of animal foods in the diet than is indicated by production studies. 

Cost-oMiving studies, which include the amount of food consumed, are usually 
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Table io. APPROXIMATE AMOUNT OF FOOD CONSUMED 


— Dry Basis 

KIND OF FOOD 

PER CAPITA, POUNDS 

PERCLN I 


Yearly 

Daily 


Grains 


1.12 

73 

Vegetables and fiuits 

r»4 

0.1 8 

12 

Sugar 


0.09 

6 

Milk 


0.07 

5 

Meat 


0.06 

4 

F'ish 

Kbit* 


0.01 

0 

*J 



l O l AF 

55» 


100 


Rf^ardlcss of whether the prodiu tion or the cost-of-living studies 
are used, one is impressed witli tlie uniformity in the amount 
of food consumed on various continents and w'itli the relative 
iinpoitance of the plant foods, especially the grains. 

Man’s food is eaten to maintain life, to produce energy, and 
to rear offspring. The maintenance of life recptircs the most food 
and tlie rearing of offspring the least. A .small part of the food 
that is consumed is thrown off as waste. 


Fabi.k n. FOOD C.ONSlhM PI ION FROM COS T OF-LIVING 
STUDIES •— Dry Basis 




pf.rcaph 

\. POUNDS 


PIR CENT 

CONIINENT 

Grain 

Other 

plant 

Animal 

1 oial 

Animal 

Asia 

419 

75 

16 

54« 

3 

Europe 

402 

117 

76 

595 

13 

North America 

2^6 

201 

*59 

596 

27 

Africa 

.'57* 

93 

JOO 

564 

18 

South America 


126 

177 

619 

29 

Oceania 

181 

144 

98 


23 

WORLD 

420 

100 

49 

569 

9 

• Based on 29 countries. 

based on such groups as skilled laborers, white-collared workers, and ci\il scr>ic'e 


employees. Only rarely arc farm families included. 
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The amount of food consumed varies with man’s si/.e, physical 
activity, climatic environment, and the like. The people of 
North America presumably eat more food than do the smaller 
Orientals. Farmers and others who work long hours at hard 
physical labor consume more than those in sedentary occupa- 
tions. Inhabitants of cool climates seem to use more food than 
do those in warmer climates. 

Man consumes daily about 1.5 pounds of dry matter. Of this 
a little over a pound is grains, a (juarter of a pound vegetables, 
fruit, and sugai, and a little over one-tenth ol a pound of animal 
foods (table 10). 

The a\eragc person eats annually o\er pto pounds ol graitis, 
which represent about three-fourths ol the total dry matter con- 
sumed (table to), riic stems, roots, saps, juites, and immature 
seeds of plants are second and represent 18 per cent. Plants, there- 
fore, supply man diiectl) with pi pei (ent of his lood. Milk and 
meat represent live and four per cent, respectively. Fish and eggs 
are each less than one-half ol one per cent ol the total. 

Man eats all jiarts ol plants. He eats the seeds, the leaves and 
stems, the saps, and the roots. In the case ol the wheat plant. 
Americans and Finopeans cat the .seed and bed the cattle with 
the leaves and the .stalks: the roots are lelt in the grountl. Asiatics 
cat the grain of the rive jdant, and use on the farm almost one- 
half of the straw for feed and lodder, one-third for fuel, and 
one-tenth for mats and tlie like. Kverywhere man eats the leaves 
of the cabbage and throws the rest away. He eats only the root 
of the carrot and the tuber of the potato. Most fruits are an 
appetizing growth around a worthless seed. Unlike most other 
food plants, the stems and roots of fritit plants are kept year after 
year to produce successive crops: only the leaves and seeds are 
thrown away or left to rot. The sap of the sugar cane is pressed 
from the stems to make sugar; the seed is prevented from ma- 
turing; and the roots are used to produce another crop. The 
delicious maple sugar is boiled-down sap. 

Wheat, rice, rye, and other seeds are the basic foods of man. 
They comprise four-fifths of all the plant food consumed. Some 
of these seeds are consumed in their natural state, whereas others 
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Table lo. APPROXIMATE AMOUNT OF FOOD CONSUMED 

— Dry Basis 


RIND OF FOOD 

PER CAPITA, POUNDS 

PER CEM 


Yearly 

Dail> 


Grains 


1.12 

73 

Vegetables and fruits 

64 

0.18 

12 

Sugar 

33 

0.09 

6 

Milk 

25 

0.07 

5 

Meat 

*3 

0.06 

4 

F'ish 

KbRs 

n 

0.01 

0 



roi Ai. 

55^ 

»-53 

100 


Regardless ol vvhetlier the piodurtion or the cost-of-living studies 
are used, one is impressed with the uniformity in the amount 
ol food consumed on various continents and with tlic relative 
importance of the plant foods, especially the grains. 

Man's food is eaten to maintain life, to produce energy, and 
to real ollspi ing. The maintenance of life reejuires tlie most food 
and the rc'aring of offspring the least. A small part of the food 
tliat is consumed is thrown off as waste. 

Fable ii. FOOD CONSUME 1 ION FROM COST OF LIVING 


S'FUDIES ♦—Dry Basis 




PERCAPI r\. POUNDS 


PER CEN r 


CONTINEN r 

Cirain 

Other 

plant 

Animal 

Total 

Animal 

Asia 

419 

75 

16 

540 

3 

Europe 

402 

117 

76 

595 

13 

North America 

236 

201 

159 

596 

27 

Africa 

37* 

93 

100 

564 

18 

South .America 

316 

126 

177 

619 

29 

Oceania 

181 

144 

98 

4*3 

23 

WORLD 

420 

100 

49 

569 

9 


• Based on 29 countries. 

based on such groups as skilled lalx)rers, white-cnllarcd workers, and civil service 
craplo^ees. Only rarely are farm families included. 
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The amount of food consumed varies with man's si/.c, physical 
activity, climatic environment, and the like. The people of 
North America presumably eat more food than do the smaller 
Orientals. Farmers and others who work long hours at hard 
physical labor consume more than those in sedentary occupa- 
tions. Inhabitants of cool climates seem to use more food than 
do those in warmer climates. 

Man consumes daily about 1.5 pounds of dry matter. Of this 
a little over a pound is grains, a (|uarter of a pound vegetables, 
fruit, and sugar, and a little over one-tenth of a pound of animal 
foods (table 10). 

The a\erage person eats annually over .joo pounds ol grains, 
which represent about three-fourths of the total dry matter con- 
sumed (table lok riie stems, roots, saps, juices, ami immature 
.seeds of plants are second and rej^resent 1 8 per cent. Plants, ihct (*- 
fore, supply man directly with pi per cent of bis loocl. Milk and 
meat represent five and four per cent, resjiectively. Fish and eggs 
are each le.s.s than one-half of one per cent of the total. 

Man cats all parts of plants. He eats the seeds, the Ic’avc's and 
stems, the saps, and the roots. In the c.ise ol the wheat plant. 
Americans and Furopeans eat the seed and bed the cattle with 
the leaves and the stalks; the roots are lelt in the ground. Asiatics 
eat the grain ol the rice |)lant, and nse on the farm almost one- 
half of the straw for feed and fodder, one-third for fuel, and 
one-tenth for mats and the like. Fverywhere man eats the leaves 
of the cabbage and throws the rest away. He eats only the root 
of the carrot and the tuber of the potato. Most fruits arc an 
appetizing growth around a worthle.ss seed. Unlike most other 
food plants, the stems and roots of fruit plants are kept year after 
year to produce successive crops; only the leaves and seeds are 
thrown away or left to rot. The sap of the sugar cane is pressed 
from the stems to make sugar; the seed is prevented from ma- 
turing; and the roots are used to produce another crop. The 
delicious maple sugar is boiled-down sap. 

Wheat, rice, rye, and other seeds are the basic foods of man. 
They comprise four-fifths of all the plant food consumed. Some 
of these seeds are consumed in their natural state, whereas others 
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are processed. Rice is polished, wheat is milled and ground into 
Hour, and soybeans are pressed for their oil. 

Most of the remaining fifth of our plant food is tubers, roots, 
stems, and sap. The tubers and roots of plants such as potatoes, 
cassava, and sugar beets are the most important. The stems and 
leaves are bulky and represent only a small part of man’s diet. 
'Fhe saps and juices are unimportant, except for sugar cane and 
sugar beets. 

Meat, fish, and animal products are the most highly prized, 
but they represent only about lo per cent of man’s diet. Of these, 
meat and dairy products are about equally important; fish and 
eggs are relatively unimportant. 

Although man uses food from a long list of plants, the sources 
of his animal foods are limited mainly to cattle, pigs, sheep, and 
chickens. These animals live on plants. In most parts of the world 
carnivorous animals are considered inedible. Most of our meat 
comes from full-grown animals. Some, like steers, are eaten as 
.soon as they approach maturity. Others, like the dairy cow and 
the hen, are eaten after they have seised their purpose of pro- 
ducing milk and eggs. In the United States draft animals are not 
normally eaten. Under the strc.ss of war some horse meat has 
appeared in a few of our markets, but this has been more im- 
portant as a sourte ol (omment than as a source of food. In 
most other parts of the world horses, oxen, and camels are eaten 
after they are too old for work. 

People throughout the world disagree as to what parts of the 
animals are edible. In the United States man eats all the sardine 
but is squeamish about eating some parts of the sheep. The 
.Arabs, however, are not so squeamish and eat all the sheep. Those 
with strong stomachs who want more details should read Law- 
rence in Arabia. 

Milk is much more important than eggs, and together they are 
about as important as meat. Man uses milk from dairy cows, 
sheep, goats, and camels. Milk is consumed in a variety of ways, 
as sweet and sour milk, butter, cheese, evaporated, condensed, 
and dried milk, ice cream, sweet and sour cream, skim milk, and 
the like. It has been estimated that half the world’s milk is con- 
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sumed in the form of sweet and sour whole milk. Butter and 
cheese comprise most of the remainder. Americans cat large 
amounts of butter and little cheese, whereas much of the rest of 
the world eats relatively more cheese and less butter. 

Regardless of income, climate, race, religion, and the like, 
plants comprise most of man’s diet. This is true even in the 
United States with its high standard of living. Although the 
United States’ consumer spends about half of his food dollar for 
meats and animal products, these represent only about one- 
fourth of the amount eaten. In other words, a pound of dry 
matter from animal products costs three times as much as a 
pound from plants. Animal foods arc so expensive that they arc 
a luxury few people in the world can afford in cjuantity. 

Studies of the effect of income on consumption show that ani- 
mal products comprise over two-fifths of the diet of the j)eople 
with high incomes. On this basis it would appear that the world 
would like to increase its consumption of animal foods about 
four or five times. If this is true, there is no shortage of wants for 
these products: the shortage is in the supply. Most f)f the world’s 
“social uplifters” are people of means who have always enjoyed a 
luxurious diet and who arc sympathetic toward tliose whose diet 
is less delectable. Most of them have little or no comprehension 
of the amount of land and human effort required to produce 
the grain and forage for the production of these highly prized 
foods. These big-hearted people bring forth many grandiose 
schemes to improve the diet ol the world’s undernourished. 
There is no shortage of schemes and plans for upgrading the 
world’s diet. There is a shortage of programs containing down- 
to-the-earth methods of attaining this laudable aim. It is a pro- 
duction problem and will be discussed in the following chapters. 




Chapter 3 


Moisture and Temperature 


T he problem oI in< reusing produetion lulls logicullv into 
two j)uris, (u) increusing the ucieuge ol land under (ultivu- 
lion, and (b) increasing production on the piesent cultivated 
area. Both parts are complex sidjjec ts whic h crissc ross many helds 
of science. Both are highly controversial and the object ol much 
speculation. They are important aspects ol the wot id’s loot! prob- 
lem, however, and cannot be ignored. 

Ehe disagreement on the possibilities ol itic t easing the wot Id’s 
cultivated acreage is about as great as the clLsagreement between 
Democrats and Republicans as to which party can best govern the 
United States. There are those, for instance, who cctniend that 
the prospects for future expansion are good in Australia, South 
.\merica, and Africa. Others ridicule this idea. One must have 
some appreciation of the physical and biological factors involved 
if he is to choose between these divergent views. 

If one grasps some of the complexities of these two problems, 
he will be in a better position to appraise the widely different 
estimates of future production. To evaluate the possibilities of 
increasing the acreage, it is necessary to have some appreciation 
of climatic conditions, including moisture and temperature, as 
well as some appreciation of topography and of soils. The latter 
will be discussed in Chapter 4. To understand the problem of 
increasing production on the present acreage, it is necessary to 
know something of fertilizers, livestock improvement, new vari- 
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dies of crops, farm management, and the like. These topics will 
be considered in Chapter 5. 

At present less than live per cent of the world’s land surface 
is used for food crops (table 12). The proportion varies from 
about one per cent in Oceania to twenty per cent in Europe, the 
world’s battleground. It is less than five per cent in Asia, where 
half the world’s population lives. Even in our North America, of 
which we are .so proud, only six per cent is used for food pro- 
duction. In North .America there are 1.72 acres per capita in 
food ptoduction. Euro{)e, South America, and .Africa have about 
half as much and Asia about one-fourth as much. To some per- 
sons these figures indicate that the world’s acreage of food could 
be inc reased many tunes. The problem, however, is not so simple. 

lABi.K 12. .\PPROXIM.\rE ACRE.AGE OF CROPS* 


CON riNKN I 

lOIALLAND 

A( res 

K)OD CROPS 

Ac res 

PKR CENl 

Asia 

to, joo, 000,000 

4 7 6, (XK), 000 

4.6 

Kuiopc 

12. ]00.0(M),0(H> 

477,CM)0,0(K) 

»9*9 

Nonli Ainciita 

5.500.000,000 

^l7,0(H).tK>0 

5.8 

Afi iia 

7. ){Oo,( )<)(), 000 

152,0CH>,IK>0 

2.1 

South Anicrua 

^,(ioo,(M)o,ooo 

8 3.000, OCX) 

1.8 

Oceania 

li, 100,000,000 

24,000,000 

1.1 

Aulaixtica 

,S.-100,CK)0,(K»0 

0 

0.0 

WORLD 

‘55.700,000,000 

1, 5 2 (J. (XX), 000 

4-3 


• KxcUuliiig ha), fallow, cotton, etc. Including grain fed to livestock. 

In one sen.se the production of human food is simple, but in 
another it is exceedingly complex. When one sits down to a 
delicious meal, he cals a mixture of what was once rain, rocks, 
air, and rays of sunshine. If the housewife served bowls of rain 
water and rocks, the family would probably turn up their noses. 
They would be justified in doing so, because the human body 
cannot use these materials. Everyone resents even the small 
pieces of rock occasionally found in the spinach. Nature converts 
those elements into plants by means of a mysterious process called 
photosynthesis. Man points %vith pride to his evolutionary ad- 
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vancement, but neither man nor any other animal can perform 
the miracle of photosynthesis. 

At first thought it would seem that "sunshine, rocks, and wa- 
ter” are not the explanation of our meat, milk, and eggs. These 
protlucts, however, are basically the same elements first con- 
verted into plants and then converted by the animals into meat 
and livestock products. To a large extent, animals live on plants 
or parts of plants tliat man (annot or does not clioose to eat. 
Thanks to the photosynthesis of plants and to. the animal proc- 
esses which change plants into meats and livestock products, 
dinner tables are adorned with such delicacies as beefsteak, 
potatoes, spinach, bread, butter, salad, and apple pie a la mode. 
This is, in essence, tlie explanation of man’s food. 

While it is true that all the food eaten is simply a combination 
of sunshine, roc ks, air, and water, they must be in the proper 
form and proportion. It is the problem of lorm and proportions 
that makes food production highly complex. The optimist who 
scatters a few garden seeds in a favored spot and watches the 
vegetables grow luxuriously little realizes how .sen.sitive plants 
are to these factors. 

Sunshine is required for plant growth. The direc tness of the 
sun’s rays and the amount of atmosphere through which they 
pass cause high or low temperatures, as at the etjuator or the 
poles. j\ll the earth, however, has enough sunshine for plant 
growth. The chemical elements of the atmosphere are abundant 
and "as free as the air you breathe.” There are, however, short- 
ages or serious maldistributions of the other factors e.ssential to 
food production. 

Water is necessary tor plant growth, but its mere presence 
is not all that is required. There must not be too much as there is 
in the oceans, nor too little as on the deserts. Neither can it be in 
a frozen form as in the polar regions. Though some water is pre.s- 
ent everywhere, most of the earth’s surface has either too much 
or too little for plant growth. 

Rocks supply what is commonly spoken of as “plant food.” 
They must be broken up into fine particles and organic matter 
added before “soil” is formed. In order to support plants, the 
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soil must contain nitrogen, phosphorus, potash, lime, and other 
plant foods. If it has tcx) muc h or too little of any given element, 
plants cannot grow. There are large areas which do not have 
these jjlant foods in the proper proj>ortions. 

'I'he “lay oi the land” is important in food production. The 
earth's surface varies front Hat areas to steep mountains. A few 
plants will survive on steep slopes, but most of the food is pro- 
duced on the low-lying, Hat areas. 

Water, sunshine, and tlie like must be considered separately 
and in more detail before one can appreciate the myriads of ways 
in which they can combine and their effects on lood production. 
Few pensons recognize the veto jtower of any one factor over the 
others. TItose who are inclined to favor the principle of “veto 
power by a minority” should observe its working in nature be- 
fcMC finally committing themselves. 

WATER 

Water is present over the entire earth’s surface, but some parts 
have too little and othets too much. Oceans, lakes, and rivers 
cover three-cjuarters of the earth’s surface. Here the water is too 
abundant for most plant giowth. In addition there are large areas 
of marshes, swamps, and water-logged soils. Some plants grow 
on these areas but they are of little u.se to man. Even the driest 
parts of the earth’s surface have some water, but not enough to 
support plants. 

The .source of most of the moisture for j>lant growth is the 
large bodies of water lying in the low spots of the earth’s sur- 
face. Plants live on the land surface above the level of the 
oceans. Nature moves water to these higher elevations by a 
process that seems to contradict the law of gravity and the adage, 
“Water does not flow up hill.” Only the final step of this fas- 
cinating but complicated process is visible — hail, sleet, snow, and 
rain. 

The sun constantly evaporates moisture from bodies of water 
and land throughout the world. This moisture rises and is ab- 
sorbed by the air much as a blotter soaks up ink. These invisible 
82 
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particles float about, combine into larger invisible particles, and 
finally become visible as masses of clouds. They ultimately col- 
lect into particles heavy enough to fall to the earth as raindrops. 

Moisture is transported long distances by winds, another ol 
nature’s complicated phenomena. Winds are simply small cur- 
rents of air in the earth's huge atmospheric blanket. It takes an 
enormous amount of energy to put and keep the air that is near 
the earth’s surface in motion. Despite the common description 
of things as being as "light as air,” the earth’s atmospheric 
blanket has weight just as has a down puff. In fact, it has an 
enormous weight because there is so much of it. It is said to weigh 
five billion tons. The lower layer of the atmospheric l>lanket is 
under greater pressure than that higlier uj). Man lives under 
about jio,ooo pounds’ pre.ssurc.' The earth’s rotation and varia- 
tions in temperature, liowever, result in different pressures 
throughout the world. Some regions are normally high-pre.ssure 
areas; and others, low-pressure areas. Winds are merely currents 
of air flowing from the high to the low-pressure areas.- These 
winds distribute both “fresh” air and rain. 

The moisture which the air has ab.sorbed and the winds have 
carried becomes rain when the warm, moist air is cooled. This is 
because cool air will not hold as muc h moisture as warm air. In 
other words, cooling literally wrings water out of the air. At 100° 
Fahrenheit the air in the typical family garage •’ will hold about 
five pounds of moisture. As the temperature declines, its 
moisture-carrying capacity also declines, but at a much faster 
rate; 


TEMPERATURE, 
DEGREES FAHRENHEIT 
100 
80 
60 
40 

SO 

o 

-so 


WATER CAPACi rV OF 
GARAGE. POUNDS 

5 » 

S.8 

>•5 

0.7 

0.3 

0.1 

0.04 


See following page for footnotes. 
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When the temperature changes from 8o° to 40°, the moisture- 
carrying capacity of the air is reduced by about three-fourths. 

The "sweat” on a glass of iced tea is an excellent illustration 
of liow cooling wrings water out of the air. The surrounding 
warm air strikes the glass and cools, and little drops of moisture 
collect on the glass. 

The lay of the land and the tendency of warm air to rise cause 
the air to cool and the moisture to condense into clouds and 
then into rain. The first of these causes is well illustrated in our 
Northwest. Moisture-laden Pacific winds blow toward the east, 
bump into the mountains along the coast, and are forced upward. 
'I'liey ctK)l quickly, with the result that a narrow belt from 
California to Alaska has an abundance of rainfall. To the east 
of the niotintains the air moves downward, thereby becoming 
warmer, and its moisture-carrying capacity is increased. The re- 
sult is that it seldom rains there. Similarly, India has its tor- 
rential downpours when the monsoon winds, which are heavily 
laden w'ith moisture, strike the southern side of the Himalayas. 
'I’lie area just beyond is a vast desert. There is always heavy rain- 
fall on the windward side of mountains if the winds are moisture- 
laden. 

The light warm air next to the earth is always pushing upward. 
I'here is much rain at the equator because there the light, warm 
air is heavily laden with moisture. As it rushes upward, it cools 
and dumps huge amounts of rain on the steaming jungles. By 
the .same token, there is little rain or snow around the poles, 
riiis explains why it is .sometimes "too cold to snow,” why the 
amount of water in the air is greatest at the hottest time of the 
day, why heavy rains occur in tropical latitudes, and why precipi- 
tation is often heavier in summer than in winter. 

This free work that nature does for us is little appreciated. 
Nature converts the ocean’s water into vapor, lifts it high into 
the air, transports it hundreds of miles, and then drops it. One 

1 Fortunately, nature adjusts the pressure within man so that he can withstand 
this force. 

2 Severe storms, tornadoes, and hurricanes occur when the air flows from an 
area where the pressure is very high to one where the pressure is verv* low. 

» About 2,000 cubic feet. 
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inch of rainfall is equivalent to over too tons of water per acre, 
and for an area the size of Texas, 19 billion tons. The energy 
required to do all this is beyond our comprehension; it can be 
vaguely realized only by one who is forced to carry a gallon of 
gasoline half a mile on a hot Sunday afternoon. 

QUANTITY NEEDED 

For commercial agriculture there must be an adequate and 
dependable supply of water. No plant can exist without water. 
What happens if water is lacking is seen when potted house 
plants are neglected. Water moves food from the soil to the differ- 
ent parts of the plant. Most of it is transpired into the air; only 
a small proportion becomes a part of the plant. A cornstalk 
producing a pound of corn uses over fioo pounds of water in its 
growth. Practically all this water serves the important function 
of transporting minute quantities of food from the soil through- 
out the plant; it then passes into the air. 

For crop production there must be enough rainfall to meet 
the requirements of the plants as well as the loss of water through 
soil evajxjration and drainage. In a humid temperate climate 
probably five to twenty times as much water is lost through soil 
evaporation, run-off, and drainage as is used by the plants. The 
loss is much less in cooler climates with high humidity and gentle 
rains and much greater in a warm, dry climate where the rain- 
fall is frequently in the form of cloudbursts. The effect of tem- 
perature on the amount of rainfall needed can be observed in 
the Great Plains area of the United States. The higher tempera- 
ture in Texas evaporates annually about five inches more rain- 
fall from the soil than is evaporated in North Dakota which has 
the same rainfall but is 1,500 miles to the north. 

Rainfall varies from year to year. The agriculture of an area 
is largely determined by the low rainfall years, l^rge areas in 
South Africa and Australia have enough rainfall during some 
years, but it is too unreliable for crop production. On the other 
hand commercial agriculture is highly developed in our corn 
belt and in Europe, because the rainfall there is both adequate 
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and dependable. Between these extrenics there are areas where 
farming is attempted without too much success. A few wet years 
will bring an influx of settlers, who leave in dry years like the 
“Okies" who migrated from the dust bowl to California. Yet the 
Okies had an easy time compared with those who try to farm 
the poorer two-thirds of the earth’s land surface. 

It is also possible to have too much rainfall. This may cause 
waterlogged soils in which most plants do not thrive. Other 
damaging effects of too imuh rainfall are leaching and erosion. 
Leaching is a fifty-tent word for the washing of the fertility out 
of the lop soil. Erosion is the process of washing away the top 
.soil and cutting gullies here and there. The largest areas with 
too much rainfall lie around the etjuator — the Netherlands 
Indies, w'e.stern Bia/il, northeastern India, and the Gold Coast 
of Africa. I he Atna/on Basin tarries away the torrential down- 
ptnirs of South Ainet it a. 

If rain tloes not fall at the time of the year when the trops need 
it, a so-talletl adetjuale rainfall is in realit) inatleijuale. Large 
aieas would have siifiitient lainfall if it fell during the right 
stage t)i plant gtowth. One of the trutial times is w'hen the 
plant is maturing. It has been estim.itetl that one-sixth or mote 
of all the water needetl for an annual crop is used in a ten-day 
period. 

Most of the wtnid’s food is ptt)tlutetl in areas having from 20 
to 80 inches of rainfall annuall). I he ideal is tlifTicult to define 
because the retjuirements t)f tliHerent plants \ary widely. The 
wheal of Russia's prairies and steppes and of our Great Plains 
does not tetjuire as nuKh water as the corn of Illinois or the rice 
of C.hina. The ideal is perhaps ‘50 to .jo inches annually. 

AREAS WITH SATISFACTORY RAINFALL 

No part of the earth's surface lacks rain entirely, but the 
moisture is distributed unequally. An area in northern Chile 
averages 0.02 of an inch yearly and another in northeastern India 
over 400 inches. 

Much of the land surface has too little or too variable rain- 
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fall to support the production of food crops. The outstanding 
areas of unsatisfactory rainfall are the Polar regions, most of 
Australia, and an enormous area extending from Dakar and 
Casablanca across northern Africa through Arabia and Teheran 
and into the heart ol China and Siberia. 

About one-third of the earth’s land surface has suflicient rain- 
iall, reasonably well distributed from \ear to year, to produce 
crops (table i^\). d he proportion ol the land area with sullicient 
rainfall \arics wide!) among the dillerent continents. Europe 
has the highest proportion of well-watered land; there over 
three-fourths of the area has suflicient rainfall lor crop produc- 
tion. South America is second, but a goodly proportion of that 
continent gets too miuh rain, whicli leaches the soils. Althougli 
North America ranks third, it has large areas with insufluient 
rainlall. Only about one-lourth of Asia, the largc'st continent, 
has an adecjuate rainlall. About one-tenlh ol Oceania has sul- 
ficient rainlall; most of it is barren waste. 

Tablf APPROXIMATE LAND AREA WIEU AN ADEQUATE 


\N1) REIJABI.E RAINEAEL* 

EANi) wrm 


coNiixrx 1 

df) r \E LAM) 

^1)1 (HIM I RAINI Al 1 

PER c:en I 


Acres 

Ac res 


Asia 

] 0.400. 000,000 

^^,000,000,000 

29 

Europe 

2,400,000,000 

1 ,()00.000,000 

79 

North America 

5, 500, 000, 000 

2, 100,000,000 


Africa 

7,^^00,(K)0,00() 

1 ,800,000,000 

25 

South America 

4,600,000,000 

200,000,000 

70 

Oc eania 

2, 100,000,000 

200,000,000 

9 

Antarctica 

4 00,000,000 

0 

0 

WORE!) 

‘45.7oo,(M)o.ooo 

1 2,200,000,0(K) 

M 


• Rainfall aveiaginj^ 15 indies oi more annuallv, except in ecpiatoiial areas of 
high evaporation where 40 inches was used, and varying from normal from year 
to sear less than an average of 20 per cent. 


CORRECTING NATURE’S “MISTAKES” 

The earth’s surface enjoys enough rainfall so that if it were 
properly distributed, commercial agriculture could be main- 
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tained over most of the land surface. The principle of equality, 
now so highly esteemed, is ignored in the distribution of rain, 
and down through the ages many attempts have been made to 
correct this inequality. The best way to do this would be to 
control the rainfall. The trouble has been that no one knew how 
to do this except the "rain doctors,” and they would not tell. 
And so it has been proposed to redistribute the water after it has 
fallen. By means of irrigation man has attempted to supplement 
too little rainfall during the growing season. 

The area under irrigation is a small proportion of the earth’s 
land surface, about six-tenths of one per cent (table 14). Irrigated 
areas are most extensive in Asia, North America, and Europe. 


Tablk 14. Ar'PROXIMAl E AREA UNDER IRRIGATION 


CONTINF.N 1 

rOTAM.ANn 

Acres 

irrk;atkd arka 

Acres 

PKR CENT 

Asia 

IO, 4 CK),(KK),(KM) 

140,8<K),cm>0 

1.4 

Kiiropc 

2 , 400 ,(KK).(MM> 

14, 800, OCX) 

0.6 

North America 

5,50().(KH).(K)0 

26,8(k>,ck)o 

0.5 

Africa 

7 ,J^ 00 , 000 .<KK) 

I0,300,(K)0 

0.1 

South Amcrita 

4 . 6 oo,(K)o,ckm) 

(),6 ck),ooo 

0.1 

Oceania 


1 ,200,U<K) 

0.1 

Antarctica 


0 

0.0 

roiAL 

35 , 7 <K),<H) 0,(>00 

2CK),500,000 

0.6 


The proportion of the land under irrigation is no criterion of 
the number of people fed on irrigated crops. Probably about a 
quarter of the world’s population lives on irrigated crops.* Nor 
is the number of people now eating such crops any criterion of 
the future possibilities of irrigation. 

There is an abundance of land to be irrigated and of water 
with which to irrigate it. The trouble is that they are usually 
too far apart. The water must not only be adjacent to the land 
to be irrigated, but it should be high enough so that it can be 


Irrigation and double cropping arc widespread in Asia. The fact that an 
Asiatic's diet is 90 per cent plant food enables irrigation to support a huge popu- 
lation on a relatively small acreage. 
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moved to the land by gravity. This means that the source of 
water for irrigation must be the rain that falls on nearby moun- 
tains and hills. The water is either collected in reservoirs or 
diverted from the rivers. For most of the earth’s dry areas, central 
Australia, the Sahara Desert of northern Africa, and central 
Asia, no such water supply is available. 

Most of the land now under irrigation is in southeastern Asia, 
adjacent to the Himalayas. 7'hese high mountains originate a 
multitude of rivers and streams, which flow south into India 
and Ikirma and east into China. .About two-lifths of the earth's 
population lives in the adjacent area, much of which is irrigated. 
India irrigates almost one-quarter of its cropland, and China 
about one-half. 

The Rocky Mountains provide water for some irrigation in 
the United States. The Imperial \'alley of California draws its 
water from the Rockies. The Columbia River will irrigate a part 
of the Northwest. Between the Rocky and tlie Sierra Nevada 
Mountains is a vast area of fertile soils where there is insufficient 
moisture for crop production. The adjacent mountains, how- 
ever, have insufficient rainfall to originate the rivers and streams 
so important to irrigation projects. Camsequently the part of 
this vast area that can be made productive is small. The amount 
of land that can be irrigated by gravity is a small proportion of 
the area of the United States. I.and could also be irrigated by 
pumping, but this method will not be used extensively until 
food is much more valuable compared with labor than it is 
likely to be for some time to come. 

In most of the older, densely populated parts of the world, ir- 
rigation has long been developed nearly to the limit. More irriga- 
tion is possible in some of the less densely populated areas. In 
the United States, for instance, it has been estimated that an 
additional area equal to that now under irrigation could be 
developed. The problem is whether such irrigation would be 
practical. The costs of irrigation include (a) the initial costs of 
construction of dams and ditches and (b) the costs of mainte- 
nance and operation. The initial cost of unwise ventures can be 
written off as poor investments, which automatically eliminates 
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the annual interest and principal payments. The annual costs of 
maintenance and operation are. however, continuous and large, 
and cannot be written off. For most projects the annual cost of 
maintenance is all the farmers can afford to pay. Much of the 
land that has been irrigated has not paid the original cost and 
gives no promise of doing so. 

As the fX)pulation increases, there will be more attempts 
to supplement the world’s food supply by irrigation. It seems 
reasonable to assume, however, that during the next few genera- 
tions the additional food from the.se efforts will not materially 
increase supplie.s. 

The idea ol “rolling batk” the otcans lor purpo.ses of farming 
captivates the imagination. Many interesting stories have been 
written abotit Holland’s dykes. Siuh projects could be profitable 
only in aieas like Holland, wheie large maikets are near and 
climatic conditions aie almcKst ideal lor food production. For 
most ol the world the.sc‘ .schemes are more u.seiul for fiction than 
lor increasing the world's food supply. 

Where there is too much water in the soil, man drains off the 
excess. Fhere are two types of drains, the open drains and under- 
dtains. Fhe former are merely extensions ol nature’s drainage 
system — rivets, creeks, and streams. These open drains also serve 
as outlets lor the underclrains. Drainage, like irrigation, is an 
expensise process. In many areas the increased crcjps do not pay 
the interc’st and jnincipal payments and the annual charge for 
maintenanc e ol the elite lies and drains. There are, no doubt, some 
areas throughout the world wheie more drainage would be prac- 
tical, but any additional food from this land would be a negligible 
part of world production. The Pontine marshes, south of Rome, 
were drained during the twcntic.s — an accomplishment widely 
public'i/ed by Benito Mussolini. The future will reveal whether 
the additions to the food supply were worth the costs. 

Down through the ages one of the most important problems 
that have confronted man has been correcting nature’s mistakes 
— too much or too little moisture. From the standpoint of area, 
man has not been very successful in correcting them. From the 
standpoint of increasing the production of food, however, he has 
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been very successful. About one per cent of the earth’s land area 
had been irrigated or drained, and this small area probably feeds 
from one-third to half of the world’s population. Although drain- 
age and irrigation ha\e greatly increased lood production, they 
offer less promise for the future. 

HEAT AND LIGHT 

Once the sun was regarded as the source from which all the 
good things of life flowed, and man was a sun worshiper. Sun- 
shine is a prime mover of civili/aiion as it is the source of life 
and power, but the present generation is not so impressed as 
were its progenitors, the sun worshijxns. 

The sun is a gigantic ball of fire, almost three million miles 
in circumfeience, a million times as big as our earth, and a 
hundred times as hot as cjur hottest days, loo^' in the shade. For- 
tunately, the earth is about loo million miles from the sun, and 
only an infinitesimal part of its energy reaches us. 

The sun is the source of both the heat and the light necessary 
for plant growth. Heat is necessary to maintain the environ- 
mental conditions, j)rincipally temperature, in which plants can 
live and grow. Light is the source of energy for plant growth. 
Both come from the sun and are, therefore, closely associated. 
They should uoi be confused, however, because their functions 
are different. 

Plants can be grown with artificial heat and light, but such 
means are seldom used except in laboratory experiments lo j)rove 
that they will work. The cost of artificial heat and light is so 
great that they cannot be given much consideration in a discus- 
sion of increasing the world’s food sujjply. In greenhouses, where 
only a minute part of our c^ut-cd -season foc:)d is grown, the heat 
of the sun is trapped and is supplemented, when necessary, by 
artificial heat. Expensive man-made heat and light cannot com- 
pete with the unlimited, costless supply from the sun. 
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HEAT 

The sun is the source of heat for the earth’s land and water 
surfaces and for the atmospheric blanket that surrounds the 
earth. The sun shoots out tremendous streams of energy in all 
directions, but its effectiveness, so far as the earth is concerned, 
depends on the angle at which these rays hit the earth and the 
length of day. The earth is wrapped in an atmospheric blanket 
which is supposed to be about 300 miles thick ® and which rotates 
with the earth. The temperature is high at the equator because 
the vertical rays of the sun pass through the least amount of 
atmospheric blanket and strike the earth a direct blow. It is cold 
at the poles because the sun’s oblitjue rays must pass through 
much more of this insulating atmospheric blanket, which absorbs 
and scatters the sun’s energy, and because the rays are spread 
over a wide area. Between these two extremes there is a wide 
range of temperatures. 

The temperature of an area is lowered if there are clouds of 
moisture or dust in the air. On the Sahara, clouds of dust are 
more fretjuent than clouds of moisture. On the .■\leutian Islands 
and in Newfoundland. F.ngland, and Normandy, clouds of mois- 
ture are much more numerous than clouds of dust. 

Another factor affecting temperature is the length of the day. 
Obviously, if other things arc etjual, more of the sun’s rays will 
reach C'.hicago during its fifteen hours of summer daylight than 
during a nine-hour winter day. 

As the rays pass from the sun to the earth, a little heat is ab- 
.sorbed by the atmospheric blanket. The temperature of the air, 
however, depends primarily on the heat reflected from the earth’s 
land and water. In other words, heat literally bounces back into 
the air and is caught by that part of the atmospheric blanket im- 
mediately adjacent to the earth’s surface. This being the case, the 
Ixrttom of the atmospheric blanket, where man lives, is warmer 
than that higher up, where he flies. 

The earth has two atmospheric blankets. The one near the 

» Tlm blanket keeps the earth warmer than it otherwise would be, just as a 
blanket on a bed keeps man warm. 
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earth may be cold, warm, or hot at different times and places. 
The temperature of this inner blanket is about the same ten miles 
above Guadalcanal, six miles above Duluth and Paris, and three 
and one-half miles above the North Pole. The temperature of 
the outer blanket, the stratosphere, is always cold and always the 
same regardless of whether it is over Guadalcanal, Paris, or the 
North Pole. 

Water is a better transmitter of heat than land. The sun’s rays 
can penetrate the water and warm up a large mass. Since the sun’s 
energy cannot penetrate the land, its surface warms up qtiicker 
and gets hotter than the stirface of the ocean. By the .same token, 
the land cools off more rapidly than the ocean.'* The .seashore 
climate, therefore, tends to be more mild than the inland. The 
Riviera of France, our .Atlantic City, and Argentina’s Mar del 
Plata became re-sorts lor this rca.son. Similarly, for a few miles 
around inland bodies ol water the air warms up slowly in the 
.spring and cools off slowly in the fall. Farmers long ago observed 
this fact and planted fruit trees there for protection against the 
hazards of early blooming and against late spring and early fall 
frosts, (amsequently. fruit was planted in narrow belts around 
the shores of the (ireat Lakes, from New York to Wistonsin. and 
in similar areas around the world. 'Fhose who attem])t to widen 
these narrow belts harvest .some fruit and many bitter experi- 
ences. 

The earth’s atmosjtheric blanket is like a glass hou.sc in that it 
lets the sun’s heat throtigh but retards its escape. Therefore, it 
is warmest on the underside near the earth. 'Fins is important 
because it produces currents of air. Since warm air is lighter and 
less dense than cool air, the warm air near the earth pushes up. 
Stated another way, the heavier cold air far above the earth’s 
surface presses down and displaces the warm air. Warm air is 
like a cork in a pan of water; it will not be kept down. The prin- 
ciple that unevenly heated air moves around is the basis of the 
“hot-air furnace”; the hot air pushes upward, creating little 

® Far inland in the United States July is the hottest month and January the 
coldest » whereas on the Atlantic Ocean August is the warmest and February the 
coldest. 
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drafts in the living room. Similarly, warm summer air over New 
Orleans rushes up and out to displace the cooler air around Chi- 
cago. Chicago’s heat waves are usually from southerly winds. 
C^old winter air from Canada sometimes rushes down and south- 
ward and frosts the fruit and vegetables from lexas to the 
(Vatolinas and spoils the fun of Florida’s aging vacationists. 
Bli/./ards and big freezes usually come with north winds. 

If one (an visualize the sun’s rays striking the earth’s surface 
at various angles and througfi various degrees of cloudiness in 
the atmospheric blanket as the earth swings around the sun and 
spins on its axis, then he can understand that myriads of differ- 
eiKes in temperature are possible from hour to hour, day to day, 
and season to season over the earth’s surface. 

From the standpoint of temperature, the earth can be divided 
into three enormous areas. 1 he tropics are a vast winterless belt, 
where there is no huk of sunshine or heat for plant growth. In 
the huge suinmerless regions of the polar areas temperatures are 
too low for anything except meager plant life. Between these 
extremes are the areas with warm summers and cool winters 
where most of the world’s food is piodiued. 

File temperature is high enough for plant growth on over 
four-fifths of the earth’s surface (tal)le 15). In no area is it too 

l Aiu i 15. APPROXIMA I E AMOUNT OF LAND WITH 
SUFFICIENT HEAT 


ARF\ WI FH 
srKFICIKX I 


CON 1 FNEN 1 

10 I \L L \M) 

n K.Nfl'ERA ri’RF • 

PER CFN r 


Acres 

.Acics 


Asia 

10 ..p) 0 ,<MK ).000 

9 ..| 00 .(K) 0 , 0 (H) 

90 

Europe 

2 , JOO.000.000 

2.‘^00,0(M).000 

96 

North Ainei ic.i 

5,fioo.ooo.ooo 

S. 900 ,(K) 0,000 

7 » 

Africa 

7. ;^oo, 000,000 

7,^^00,(M)0,0(H) 

UK) 

South America 

.J.flOO.OCKI.OOO 

.|, 5 CK), 000 , 0 (K) 

98 

Oceania 

2 , 100 .CK> 0,000 

2 , 100 ,CKKJ, 0 (X) 

100 

Antarctica 

3,.j00.(M>0,(K>0 

0 

0 

WORLD 

'^5,7<K).000,000 

29,500,(KK).000 

83 


• rcmpcraiure o\er 55® Fahrenheit during peak of growing season. 
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high for food production. The temperature is adequate during 
the growing season for most of Africa, Oceania, Soutli .America, 
and Europe. About halt of the area willi too low temperatures is 
in Antarctica, and tlte otlier half in North America and .Asia. 
-Although North -America is onlv about half as large as -Asia, it has 
almost twice as much land too cool for crop production. Except 
for Antarctica. North -America has the smallest proportion of 
land with suit.ible temperatures. 

LIGHT 

The known effects ol light on plant growth arc many and com- 
plicated, and mut h about the subjctt is as yet unknown. Eight is 
essential to plant growth. Without light there would be no 
production ol plant chlorophyll and no absorption ol (arbon 
dioxide by the plants. 1 herelore, without light there would be 
no plant lile on the earth's surlace. Photosynthesis is a proce.ss 
evolved by nature to enable plants to utilize the sun's eneigy. 
The process is not very elite ient. Less than one per cent ol the 
ladiation lalling on plants is used. 

Eight is available everywhere, though in varying amounts. At 
the etjuator the sun shines about 12 hours a day the year around, 
whereas at the poles it shines 2.1 hoius a day in the middle ol 
summer and is completely lacking in the dead ol winter. In lact, 
the larther one travels towaid the poles, the greater the plant 
growth on a summer’s clay because there are more hours cjI day- 
light. Factors othei than light retard plant growth around the 
poles. 

Despite its importance, light cannot be considered as seriously 
limiting food production on any })art ol the earth. 

CARBON DIOXIDE 

Carbem is essential to plant life. IJy photcj.synthesi.s plants manu- 
facture carbohydrates from water and the carbon dioxide of the 
air. The air is largely nitrogen and oxygen and contains cmly 
three-hundredths of one per cent of carbon dioxide. Althcjugh a 
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minute part of the air, carbon is about 40 to 45 per cent of the 
dry matter of plants. This has confused many persons as to the 
source of the plant’s carbon supply. A large volume of air must 
be depleted of its carbon dioxide to supply plants. An acre of 
corn is estimated to deplete about 20,000 tons of air of its carbon 
dioxide to obtain the carbon in the plants. Despite the huge 
quantity used by plants, the amount of carbon dioxide in the air 
remains relatively constant. Gases escaping from volcanoes, the 
decay of organic matter, the combustion of fuels, the respiration 
of plants and animals, the disintegration of rocks, especially 
limestone, and changes in the salts of the oceans presumably re- 
place the carbon dioxide used by plants. The oceans are im- 
portant also because they equalize the carbon dioxide content 
of the air. 

Experiments show that increasing the supply of carbon di- 
oxide accelerates the rate of photosynthesis, but there is no evi- 
dence that world food production will be increased by this 
process. FtK)d production can be increased in greenhouses by 
maintaining a larger supply of carbon dioxide. When carbon 
dioxide is released in oj>en fields, however, it is quickly dispersed 
through the atmosphere. 

The supply of atmospheric carbon dioxide is uniform over 
the world. Until man can devise ways of increasing, redistrib- 
uting, or using increased supplies, there is no promise of in- 
creasing world food supplies by the use of carbon dioxide. 
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Chapter 4 


Land Forms and Soils 

LAND FORMS 


T he earth is an apjnoxiinately round ball 8,000 miles in 
diameter and 25,000 miles in cirt umicrente, with a surface 
aggregating almost 200,000,000 stjuare miles. It is covered by an 
irregular, tough, and rocky hide. Land forms is a ninety-nine- 
cent word the scientists developed for convenience in describing 
the cover on this huge ball. The two main divisions of the earth’s 
surface are the great depressions which are filled with water and 
the exposed continental surfaces. Some of the ocean’s depths and 
mountain peaks apjnoximate six miles below and above sea 
level. Mountains, hills, plateaus, and plains are the important 
but little-appreciated continental land lorms. Of lesser impor- 
tance, but better known, are the small hills and the dales, the gul- 
lies, and the small plains of every community. These major and 
minor land forms are the result of geologic, biologic, and climatic 
processes, operating gradually through time. Some of the effects 
of these forces can occasionally be seen within a lifetime, but 
they are usually observable only over millions of years. 

The earth, like the old maid, will not tell her age, but this 
reticence does not prevent us from gossiping. Some contend that 
she is young, a few hundred thousand years perhaps, and others 
that her age is many billions of years. Old Mother Earth is so 
aged that no one can recall her early history. About the latter 
part, say the last 500 million years, a little is known. In her 
youth the earth acquired a crust, which is mainly rock and which 
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contains most oi tlie ( hcmical elements. How she actjuired this 
(ostume and how its rocky texture was tailored arc interestino 
subjects of s[)e( ulation, but they are be>ond the sc f)jK* oi our 
problem. 'Fhe pro( esses of wearing down the coat ot man\ colors, 
however, are important to our understanding of !ood, because 
it was by these processes that the land forms were made. 

The earth’s crust was c hanged by bending, warping, and break- 
ing, and by heat, winds, and chemical action. Pieces of it were 
moved from one [)la(e to another by heat, gra\ity, winds, water, 
glaciers, and the like. These forces are all more or less in con- 
stant conflic t. Some of the forc es bend the earth’s surface, making 
mountains, and other forces we.ir them down. 

Kiosion is constantly taking place and is both beneficial and 
ha? mini to man. In some places it builds up lands which can 
be used l)y man, and in others it destroys lands that nature has 
built up. Millions of years of erosion were necessary to make our 
fertile plains; now millions of dollars are being spent to prevent 
them from eroding. I he foues of nature*, however, are so powei- 
ful and so peisistent that the) ovcTwhelm the* feeble, erratic , and 
inelfec tive ellorts of man. In a few million years, our fertile corn 
belt soils may be deposited in the (»ulf of Mexico and we may 
be on a diet of ric e instead of pork. 

PLATEAUS 

Relatively le\el lands that lie at a considerable elevation, 
about 2,000 feet or more abo\e sea lc*\cl, are called plateaus, 
riiere are large plateaus in Tibet, Mongolia, Mexico, and the 
western part of the Tnited States. Muc h ot Afric a and Arabia and 
[)arts of Australia and India are relatively nonxaluable table- 
lands. Althc^ugh plateaus are likelv to be dr), parts of the Bra- 
zilian Plateau, the Dec can Plateau of India, and the Congo Basin 
of .Africa receive heavy rainfall. There are also great ice plateaus, 
such as those in Greenland and Antarctica. 
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HILL LANDS 

Hill lands are easier to visualize than to describe. They are 
neither mountains nor rough plains. They are usually old. 
weathered highlands. Hills with gentle slopes are cultivated or 
pastured. Even though hill lands are of little valtte, they may 
contain fertile valleys. The .Mlegheny-Cumberland hill region 
extending from southern .\ew ^'ork to .Alabama is typical of 
many hill lands the world around. The greatest hill area in tite 
world is in eastern .Asia, extending .southward from Siberia to 
southern China. The valleys are fertile and support a large popu- 
lation. 


MOUNTAINS 

Mountains are characterized by tlicir height and are long on 
vertical, but short on horizontal, sui faces. A large jwoportion ol 
their surlate is on their steep sloj)es and a small |)ioportion on 
the top. rhe sloj)es are so .steep that they are ol little agrictthural 
value. The important mountain areas ol the world ate the Rocky 
and .Andes Mountains ol the western .Americas, the Himalayas 
of Asia, the Alps of Europe, and the Caucasus ol Ru.ssia. I'hey 
occupy large amounts ol space, they affc'ct rainfall, and they are 
barriers to the movement ol commodities and people. The Hi- 
malayas have prevented invasion ol India from the north. 


PLAINS 

Spatially and economically the plains are the most important 
class of land forms. They are a higher jtroportion of the land 
surface, jtroduce metre food, and have a larger share of the 
centers of populaticm than either hills, plateaus, or mountains. 
Plains are low-lying lands. Some are near sea level and others 
are relatively high. Some are flat and others arc rolling. Plains 
have been classified in many ways. Only a few will be discussed. 

Coastal plains were settling places for sand worked over by 
the ocean’s waves and currents. The United States has a great 
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coastal plain extending from New Jersey down the Atlantic 
coast and across the southern states to Texas. 

Delta plains are soil deposits at the mouths of rivers. They are 
usually Hat and fertile and frequently support dense popula- 
tions. The most famous is the delta at the mouth of the Nile 
River. Other important deltas in dry areas are those of the 
7 igris-Euphrates of Iratj and the Indus of western India and our 
Imperial Valley along the Colorado River. The Yellow River, 
carrying huge amounts of yellow silt from central China, built 
up a delta at its mouth in the Yellow Sea. Another great Chinese 
delta at the ntouth of the Yangtze supports a huge population 
centering around Shanghai. 7'he delta is highly productive, and 
it has been shown that farmers there have a much higher standard 
of living than those elsewhere in C^hina. They eat better food, 
wear better clothes, and live in better houses. 

Floodplains are fertile deposits along the banks of the rivers. 
7'he most famous are those of the Nile. For centuries periodic 
Hoods have deposited silt, t onstantly renewing the soils along the 
banks of the Nile. 7'he V'ellow River overflows its hanks and 
dc|w)sits silt along its cour.se. The bottom lands of the lower 
Mi.ssissippi are Hoodplains. There are great and important al- 
luvial deposits along the middle and upper (ianges of north- 
eastern India, the Indus River of western India, the Tigris and 
Kuphrates of Iratj. and the Yangtze. 

Loe.s.s plains are ac t iimulat ions of soil transported by winds. 
.Areas of Kansas, Nebraska, Iowa, and Illinois are illustrations. 
7'here arc large areas in northwestern C'.hina. There is a long 
strip extending from central Germany through Poland and 
at TOSS southern Russia. 7'he .Argentine Pampas are covered with 
loess soils, which in some places are as much as 500 feet thick. 

Cilaciated plains are common in the northern parts of Europe 
and North .America. Some are ice-scoured and others drift plains. 
Canada, Norway, Sweden, and Finland have ice-scoured plains. 
The glaciers dropped their debris farther south. Much of Hol- 
land. Denmark, northern C»ennany. Poland, and eastern Russia 
are drift plains. Our drift plains extend from the Missouri River 
east to Maine, and from the Great Lakes south to the Ohio River. 
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From a half to two-tliirds of the world's dairy products are pro- 
duced on glacial plains. 

Arid desert plains, like those ol our Southwest, the Sahara 
Desert, and central Australia, are usually of low productivity. 

Most of the world’s population lives on the plains of China, 
India, western Europe, southern Russia, and the United States. 
The plains of Africa, Arabia, Turkestan, and .Australia do not 
support many people because of lack of moisture. 


DISTRIBUTION OF LAND FORMS 

The earth’s land surface is about one-tjuarter mountains and 
hills, one-third plateaus, and two-fifths plains (table ifi). The 
distribution around the world is ratlicr uneven. Europe has few 
land forms that curtail food production, rwo-tliirds of its land 
surface has been classified as plains and only four per cent as 
mountains. Africa is literally a huge plateau. It has a smaller pro- 
portion of its land in mountains, hills, and plains than any other 
continent, 3, t, and 25 per cent respectively. .Asia has the most 
equitable distribution of land forms, about one-fourth in each 
class. 


Table 16. APPROXIMAIT ARKA IN MOUNTAINS, HILLS, 
PLA'I EAUS, AND PLAINS 


CONTINENT 

Total 

AREA, Mjl.lJON A^RES 

Mountains Hills IMaUaus Plains 

PER a- NJ 

MountaiiiH Hills Plateaus 

Plains 

Asia 

10,400 

2,100 

2,500 

2,500 

3, .^00 

20 

24 

24 

32 

Europe 

2,400 

100 

500 

200 

1,600 

4 

21 

K 

67 

No America 

5,500 

700 

600 

1,300 

2,900 

1.^ 

11 

24 

52 

Africa 

7„300 

200 

100 

5,200 

\,m 


1 

71 

2S 

So. America 

4,600 

500 

400 

1,100 


11 

9 

24 

56 

Oceania 

2,100 

200 

4(K) 

500 

1,000 

9 

19 

24 

4« 

TOTAL • 

32,300 

3,800 

4,500 

10,800 

13,200 

12 

14 

33 

41 


• Excluding .Antarctica. 

From the standpoint of land forms, about two-thirds of the 
earth’s surface is usable for food production. Excluding Antarc- 
tica the proportion ranges from 56 per cent in Asia to 86 per 
cent in Oceania (table 17). 
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Table 17. APPROXIMATE AMOUNT OF LAND WITH 
FAVORABLE TOPOGRAPHY • 


C:OM INEN r 

TO T AL [.AND 

Acres 

USXBI.E I AM) 

Acres 

PER CEN r 

Asia 

1 0,400,000, (XiO 

5,800,000,000 

56 

Europe 

2,400,<Xi0,0<K) 

1 , 5 CMi, 000,000 


North America 

5,50o,ooo,(K>o 

3,90o,0(K),ooo 

71 

Africa 

7,^00,(K>0,000 

5,700,000,000 

78 

South America 

4,600,000,000 

3,200,0(X),000 

70 

Oceania 

2, 100,000,0(K) 

1 ,800,000,000 

86 

Antarctica 

5^,400,000,000 

8(kj,o(X),ooo 

24 

ro i AL 

^5,700,000,000 

2 2, 700, 000,000 

64 


• Based on the assumption that 5 pei cent of the mountains, 25 pei cent of the 
hills, 75 pel <ent of the plate.iu.s, and 95 pei cent of the ]>laiiis um be used. 


SOILS 

riic intcrioi ol llic carili is said to be molten rock tinder great 
heat and prcssiite. rite eat tit's surface is tonijtoscd ol hard rotks, 
pntbaltly from five to ten miles thick. .\s this surface cooled and 
contrac teef, carthejuakes waiped the c rust and volcanoes scpiee/ed 
out molten rock at weak points. Little ol this rocky trust is now 
visible because most ol it is ccjveted with the waters of the oceans 
Ol by the .soils ol the land surface. .Mlhough phvsically the soil 
is an insignificant part of the earth or its crust, it is most impor- 
tant to man because it produces his food. 

FORMATION OF SOILS 

Plants cannot grow until soils ha\e been tcjiined. Soils are 
merely outer parts of the rocky c rust that have been broken down 
and have accumulateci organic matter. Many forces work to dis- 
integrate the earth’s rocky crust into its soils — free/ing, thawing, 
glaciers, winds, water, chemicals, ftacteria, worms, plant roots, 
and animals. These forces have been in operation for billions 
of years. 

Rocks are broken down by chemical and mechanical weather- 
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ing. The chemical action takes place with the aid of water and 
the gases in the air. The rusting of iron is a similar process. 
Complex chemical procedures change the size, shape, and com- 
position of the rocks. Mechanical weathering is also necessary to 
the development ol our soils. Alternate freezing and thawing 
cracks the rocks and breaks off pieces. The roots of plants grow 
into rock crevices and contribute to the breakdown. Glaciers 
scrape off the protruding tops of the rocks, gouge out large 
areas, and grind them up into gravel, sand, silt, and clay. The 
glaciers may deposit this material hundreds of miles from where 
it was picked up. 

X'arious forms of plant and animal life add organic matter to 
the soil. The decay of plants is the most important source of 
oiganic matter. Bac teria, worms, insects, and burrowing animals, 
in serving their own selfish ends, improve the soil. The soil is 
literally alive with plants and animals so small that they cannot 
be seen with the naked eye. 'Fhey ( ause decay in fallen leaves and 
dead plants, l^arger animals, such as earthworms, moles, and 
woodc luK'ks, burrow in the soil and move it around. Still larger 
animals roam the surface. Most of these convert plants into soil 
organic matter. 

Water moves j)ieces of rock and soil partic:les here and there, 
and in the process breaks them into finer pieces. The (constant 
beating of ocean wavc\s grinds away rocky coast lines. Lhe waves 
and tides deposit the sand at other plates near the water’s edge. 
In fact, much of the seaboard from Nc*w jersey to "I>xas is a vast 
sand deposit made by the ocean. The rivulets, c reeks, streams, and 
rivers wear down roc ks, pebbles, and sand as they flow merrily 
c:)n to the lakes and oceans. They carry fine ])articles which they 
droj> as the rate of flow dec lines. Here and there gravel beds, 
sand bars, or deltas of fine silt are formed. These deltas may be 
a few sejuare rods or a few square miles in si/e, or they may be 
huge areas as at the mouth of the Nile, the Ganges, and the Mis- 
sissippi rivers. The overflow c^f streams and rivers deposits some 
material on the flat areas along their courses. The floodplains of 
the Nile are a striking illustration. 

The winds are also powerful forces causing translocation. 
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They move small pebbles and sand a few feet or a few miles and 
carry silt hundreds of miles. The loe.ss soils of our Midwest and 
of great areas of Russia and China are depK)sits of wind-carried 
silt. 

Climate is also related to soil formation. Chemical reactions 
are most rapid in a hot humid climate, but many of the soils are 
leached by heavy rains that wash out most of the fertility. In the 
(older climates of the Arctics there is considerable mixing of 
the soil particles by freezing and thawing, but chemical weather- 
ing is very slow. The climates of the temperate zones with their 
genlle rains and moderate temperatures are best for the develop- 
ment of productive .soils. 

Over uncounted centuries these chemical and mechanical 
forces of nature have combined to lorm the huge amounts of 
.soil that ncjw almost completely ob.scure that part of the earth’s 
rocky crust not covered by water. 

The quality of .soils ranges from barrenness to high produc- 
tivity. Some are well drained and others are not. Some are shal- 
low and others are deep. Some are stony and gravelly, others 
mostly sand, and still others silt and clay. The amounts of or- 
ganic matter and other plant foods which contribute to soil 
fertility also vary widely. In fact, there are more combinations of 
these conditions than the mind of man can visualize. 

Nature did not ob.serve the principle of equality when she dis- 
tributed the good and poor soils over the earth's surface. In some 
plac es good .soils are wasted because they have been piled hun- 
dreds of feet thick. In others soils are tex) thin for a productive 
agriculture. 

TYPES OF SOILS 

I'here are enormous areas in the tropics that produce abun- 
dant plant life. Their soils, however, are so badly leached that 
they contain little humus or plant food and are of little agri- 
cultural value. Some tropical soils, however, are highly produc- 
tive. java is a case in point. Its .soils, which are of recent volcanic 
origin, have not been leached and produce huge amounts of 
food. 
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Most of the world’s deserts lie just outside the tropics. Their 
soils are in striking contrast to tliose of the tropics. They are 
usually more fertile, but lack the moisture necessary for agricul- 
ture. That many of these soils are fertile is indicated by the pro- 
ductive date trees of the oases where moisture is obtainable. The 
great desert areas of North Africa, soutiiwestern and central Asia, 
and Australia are of little agricultural value because of limited 
rainfall, and not because of lack of soil fertility. Like the un- 
productive tropical soils, the desert soils cover a substantial part 
of the earth’s surface. 

Many areas have sufTicient moisture to produce grasses, but 
not enough to produce trees. Down the ages gradual decomposi- 
tion of the grass resulted in large amounts of humus, and little 
fertility was lost by leaching. .As a result the giasslands of southern 
Russia and the North .American plains east of the Rockies are 
now very fertile. These widely scattered areas do not cover much 
of the earth’s surface. 

Some of the areas adjacent to these grasslands have similar 
.soils with .somewhat more moisture. They have an abundance 
of humus and plant food and are called black prairie soils. 'I'he 
rich corn belt of the United States, the Ru.ssian Ukraine, and the 
Argentine Pampas are of this tyj)e. These areas arc of great 
significance in commercial agriculture although they cover only 
an insignificant part of the earth’s surface. 

Many of the forest soils of humid regions aie sandy and are 
covered with a thin layer of decomposed plant materials. The 
light, sandy, relatively infertile areas of the Atlantic and Ciulf 
plains of the United States arc of this type. The extensive glaci- 
ated plains in the northern part of North America and Europe 
have a wide variety of soils. Some of these are rich and others 
poor. 

In polar regions there are vast areas of so-called tundra soils. 
These treeless belts support a few reindeer on a sparse vegetation 
of mosses, lichens, and low-growing shrubs. Although these areas 
have little rainfall, there is a superabundance of moisture be- 
cause of the low rate of surface evajwiration and because of a 
permanently frozen subsoil. Just south of the tundra belt around 
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the North Pole is a vast area having long wintets and short sum- 
mers where coniferous forests abound. These podzol soils are 
generally acid and not very protluctive. .Next to the tropical 
and desert soils these agriculturally unproductive tundra and 
pod/ol .soils cover the largest part ol the earth's surface. 

AMOUNT OF GOOD SOILS 

'I he innumerable kinds ol soil that blanket the earth’s surface 
are more vaiied and complex, but less vi\id, than grandmother’s 
crazy (piilt. 'remperature can be measured with a thermometer 
in degrees, and rainfall in inches, but no one has developed a 
simple and e.xatl measute of the world’s craz\ (juilt of soils. I'o 
simplify the problem, the authors have here classified the soils 
as good or poor. 

A little less than half of the earth’s soils ate favorable for crop 
production (table i8). .Antarctica is worthless. .Mrica. Oceania. 

l ABi-K i8. .APPROXIM.VIE .\RL.\ OF GOOD SOILS 


CON I INI N 1 

lOIAI 1 AM) 

A( It'S 

c;c)oi)St)ii.s 

.\tlO 

PER CRN 1 

Asia 

10..{00,(KK),0()0 

poo, 000, 000 

47 

Kuropo 

2..]<K>,(HK)a>00 

1 ,900,000,000 

79 

North Aincrita 


2,200.000,000 

40 

Africa 

7,‘^00,000,0(M) 

4. 700,000, 0(M) 

64 

South iXiiicrica 

.p(k)0,000.(KK) 

1 .200,000,000 

26 

Oceania 

2, 100,000. (KK) 

1,.|00,000,000 

67 

Anlarttica 

^..p)o,ooo,ooo 

0 

0 

WORM) 

^5,700,000,000 

i6,‘^oo,ooo,o(k> 

46 


and Europe have a high proportion of good soils, two-thirds to 
four-fifths of their areas. Over half of the good land of the world 
is in Asia and Africa. South .America, the fourth largest con- 
tinent, has the least proportion of good soils, 26 per cent. 

In generations to come the amount of good soils may be ol 
less importance than at the present time. Soils normally perfonn 
three functions that aid in plant growth. They provide anchor- 
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age for the roots, material upon which the plant can feed, and 
the moisture which helps absorb and transport the plant food. 
Soils perform these functions more economically than any other 
substance or group of substances. Hut it is possible, at higher 
costs, to produce food by using other means of performing one 
or more ol the three fuiK tions. Along our southeastern seaboard 
soils pro\ ide anchorage and water, while man provides much of 
the plant food. In Asia soils pro\ide aiu horage and plant food, 
while man supplies the \vater. Kxperimentally, gravel {provides 
anchorage, while man pianides water and plant food. In other 
experiments man provides water and plant food in tanks and 
supports the plants on racks, thereby |)rodu(ing food without 
soil. While such methods extend the possibilities ol future food 
production, their practical adoption awaits the day wlien food 
sliall be much more \aluable relatixe to materials and labor than 
it is at present. 

LIMITATIONS JOINTLY CONSIDERED 

Tlie |)ossil)ilitio,s ol j^ioatly iiu reasiii” ilic world’s crop produc- 
tion would appear to he hi<;hlv lavoral)le il one judged solely by 
the amount ol raiulall (table ip). Almost one-hall ol the earth’s 
land surlace has sulheient annual raiulall lor crop production, 
but less than Inc per cent is now in cro])s exclusive of hay. Most 
ol the per tent with adecpiate raiulall cannot be used lor crtjp 
production because the rain does not come at the rif;ht time of 
the year, or it is not dependable, or the temperature is not favor- 
able, cjr the soil is tex) pocjr, or to])oj^raphy interferes with man’s 
attempts to prcjduce crops. 

likewise, if one considers only temperature, civer lour-lifths of 
the earth’s surface is satisfactory (table 19). About two-thirds is 
satisfactory from the standpoint of topography, and almost one- 
half from the standpoint of soils. There is no scarcity of adeejuate 
light or carbon dioxide. 

If the agricultural possibilities of the world were appraised on 
the basis of these factcjrs considered separately, one would con- 
clude that adequate rainfall is the limiting factor and that about 
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two-fifths of the earth’s surface is suitable for production. This 
is UH) optimistic because not all this land has fertile soils nor is 
it blessed with reliable rainfall, favorable temperature, and 
satisfactory tojK)graphy. A satisfactory agriculture can be main- 
tained only if all conditions are favorable. This is an excellent 
illustration of minority rule, as each factor has a veto power over 
the others. Only a small proportion of the earth’s land surface 
has all the essentials necessary for crops. About one-third has an 
adetjuate climate; about one-fifth, both adequate climate and 
topography: and only one-fourteenth, the required combination 
of climate, topography, and soil. 


lAncf 19. EFFECT OF VARIOUS COMBINATIONS OF FACTORS 
LIMITING FOOD PRODUCTION 

I..AND AREA ADAPTED TO FOOD 



Acres 

Pei cent 

INniVIDUVL l AC'lORS 



Adrcpiatr sunlight 


1 (X> 

.\<lc(juate carlMMi dioxuU* 

J^5.70<>,(KK),(MK) 

KKI 

l a \ (»» a 1 )lc U*ni pera 1 ii re 

29,r,(M),(KM>.(KX) 


favoiablc Cop(»|»raph> 

22 . 7 (K»,CKK),CKK> 

61 

Rrliahle rainfall 

ir),rKKJ,CHM).CXK) 

46 

IVriilc soil 

| 6 , 3 (X), 0 <K».CKK> 

4O 

.\dc(jiiatc' rainfall 

i5.5(kj,(xk),(kx) 

*13 

COMBINAIION OI* FACIORS 

Ntiinl>or C<iinl)ina(ion 



1 Sunliglit 

J 55 , 7 CX),(KH), 0 <K) 

ICX) 

2 C.arl>on <lio\idc 



(ifid sunlight 

35,7(KJ,tKH).(KK) 

ICK) 

3 Adc(|uatr rainfall 



and cathon dioxide, sunlight 

1 5,5(K),(XK).(MN> 

•13 

Reliable rainfall 



and adequate rainfall, carbon dioxide, sunlight 

1 2 , 2 (X).(NN).(KK) 

31 

f, Temperature 



and reliable rainfall, adequate rainfall, car- 
bon dioxide, sunlight 

r> Topography 

and temperature, reliable rainfall, adequate 

1 1 ^(K),(KK).000 

32 

rainfall, carbon dioxide, sunlight 

7 400, (XX) ^X) 

21 


vSoil 

and topof^aphy, temperaturr, reliahlr rain- 

fall, adequate rainfall, carbon dioxide, sunlight 2jboojooo,ooo 7 
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The proportion of the world’s land adapted to crops, seven 
per cent, is greater than the area now in crops other than hay, 
four per cent. However, the amount of good farm land that man 
has overlooked is small. In most instances, enthusiasm as to the 
agricultural possibilities of some new region is based on only one 
or two of the necessary factors. For instance, to those living in 
moderately dry communities the large undet eloped tropics with 
an abundance of rainfall and sunshine appear to have tremendous 
promise for agricultural production. Large areas in the tropics, 
however, have poor, leached-out soils which automatically elim- 
inate them from commenial agriculture as effectively as in- 
adequate rainfall eliminates the Sahara Desert. Some students 
are more optimistic as to the possibilities of increasing crop 
production than other students or the world’s farmers. Baker 
estimated that almost one-fifth of the earth’s surl.ace is arable,* 
and Penck held that the world could feed nearly four times its 
present population. = 

Europe has the highest proportion of its land area adapted to 
food production, ;{7 P^^r cent; North Amcrita is a poor second 
with only to per cent (table 20). More emigrants have left 
Europe to farm in otlier areas than have left any other continent. 
This would indicate that little chance exists for expanding 
acreage in Europe. Immigration into the agricultural areas of 
North America has slowed down to a trickle, indicating a gen- 
eral belief tliat there is not much opportunity there for expan- 
sion. Certainly no great hordes of immigrants arc rushing into 
•Asia, .Australia, or Africa. The fact that immigrants are still mov- 
ing to South .America in large numbers indicates that there may 
be some po.ssibilities of expanding food production there by 
taking up new lands. During the past decade or so, however, most 
of the world’s immigrants have been seeking work in the indus- 
trial centers of their adopted country rather than taking up its 
unoccupied farm lands. Apparently these immigrants have been 

1 O. E. Baker, “Land Utilization in the United States,” Geographical Review, 
Xni (Jan., 1923), 25. 

2 A. Penck, “Das Hauptproblem der physischen Anthropogeographie,” Zeit- 
schrift fiir Geopolitik, Halbband I, Heft 5, Blatter 330-348, May, 1925. 


49 



THE WORLD’S HUNGER 


skeptical of settling on lands not already occupied by “the na- 
tives.” Immigration data, therefore, indicate that not much ad- 
ditional acreage can be devoted to food production. 

For centuries untold millions have ventured into areas where 
they usually could not produce sufficient food for existence. Our 
books are filled with the siu cesses. They create a wrong impres- 
sion of the chances of winning in siu h undertakings because they 
do not record the uncounted millions of pioneers who failed. 
Spectacular succcs.ses like the pioneering in America are rare. 
Fhe popular novelist portrays a courageous family who went to 
Iowa in a covered wagon and establislied a fine farm. Only oc- 
casionally do novelists, in the interest of accuracy, risk sales by 
recording unsuccessful attempts. 


'I aih.k 20. 
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ro I At I. AM) ARK\ ACiRIC.fl l I R \I. |•ROI)t’CTIC)N 


Acres 

Acres 

Per cent 

A.sia 

1 0, ]oo, 000.000 

(>00.000,000 

6 

r.iiropc 

1*. pio.ooo.ooo 

Hpo, (>00,000 

SI 

Nor th Ainci u <\ 

^.'joo.ot 10.000 

r,7o,0(K>.ooo 

10 

Africa 

7.Soo.ooo.o( 10 

l*,p>,00(>,000 

3 

South ArncTK .1 

.{ .(ioo.ooo.ooo 

220,0(H>,000 

5 

Oceania 

IM 00, 000. 000 

Oo.ooo.ooo 

3 

An tan tic a 

pio.ooo.ooo 

0 

0 

WORI I) 

700.0(10,000 

2.580.000,000 

7 


♦ Based (in che (oiidiination of atnoiint and icliahility of rainfall. !cni|HTatiirc. 
.soil, and topogiaph^. 

.\lthough unforc'seen new tec hnicpics of food production may 
be developed, those who would plan for the future of the world 
had best be c t)nsev\ati\e as to the prospects for expansion. In the 
main, expansion of the world's agriculture beyond the area now 
being used is a hazardous undertaking. The recjuirements of 
nature for food production arc so rigid that thus far man has 
been able to use only a small proportion of the earth’s land sur- 
face and has been defeated in most of his attempts to extend his 
boundaries. 
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Chapter 5 


Increasing Production 
on the Present Acreage 


M ANA' peisons will agree tliai there is little iniinediaie or 
e\en long-time j)ros|)e(t ol materially expanding world 
food production by bringing in new acreage, riiey (ontend, how- 
ever, that it is possible to produce much more loot! on our present 
farm acreage by the use of more fertilizer, more labor, more and 
better machinery, itnproved varieties of crops, and more eflicieni 
livestock. 

The world produces about hall a ton of lood per acre (table 2 1 ). 

l ABLK Bi. .APPROXIM.Vn- VIEI.l) OF FOOD CROIVS 1 ‘FR .ACRE 
HARVES FED ‘—Dry Basis 


CON I INKN I 

POUNDS 

Asia 

1,046 

L 11 rope 


North America 

1 ,058 

Africa 


.South America 

1 ,(>00 

Oceania 

740 


WORI I) 


• Based on 19 crops as follows uhcal, rice, corn, oals, potatoes, bailey, rye, mil- 
let, sorghums, sugar cane, so\ beans, sugar beets, dry beans, groundnuts, sweet 
potatoes, inaslin, sesame, rapesced, and spelt. 

Yields in Africa and Oceania are far below the world’s average. 
Yields for the other four continents, which produce most of the 
food and support most of the people, are reasonably uniform 
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despite wide differences in crops grown, methods of production, 
and climate. North America, with its high-yielding corn crop, 
large farms, and highly mechanized agriculture, produces about 
the same amount per acre harvested as does Asia with its high- 
yielding rice crop and small farms using largely manual labor 
and little machinery. 


FERTILIZER 

Yields per acre, and therefore food production, can unques- 
tionably be increased by the use of more human and animal 
manures and commercial fertilizers, and by plowing under 
“green manure” crops. Excluding sod, stubble, and refuse 
plowed under, animal and human manure is the most important 
source of fertility added to the soil by man. Commercial fer- 
tilizers are next. Green manure crops, turned under, are the least 
important. 

Commercial fertilizers are applied to add plant food. Manures 
add organic matter as well as plant food. Manures also improve 
the texture, tilth, drainage, and aeration of the soil, and they 
increase its water-holding capacity. In areas with long growing 
seasons, as in much of the Orient, South .America, and .\frica, 
tremendous (juantities oi organic matter are usetl up each year. 
In the cooler parts of the world the loss is less rapid. Obviously, 
maintaining the organic matter of tlie soil is more of a problem 
in China and India than in Europe and North .America. 

Human Excreta 

l.arge amounts of the night soil of about half the world's 
population, mainly Asia’s teeming millions, are returned to the 
crop land. Most of the human excreta of the other half is lost. 
In the more wealthy nations a small proportion of this fertilizer 
is collected from the sludge basins of the city sewage systems, but 
it is used mostly for golf courses, lawns, and the like rather than 
for food production. Most of the soluble plant foods are lost. 
The great unused sources of human excreta are Europe and the 
United States, where so far the problem has been to dispose of it 
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for sanitary reasons rather than to utilize it for food production. 
When food in these areas becomes scarce in proportion to popula- 
tion, more iiuman excreta probably will be used for food produc- 
tion. There is little likelihood, however, that the world’s food 
production will be increased by the use of this type of fertilizer 
for some time to come. 

Animal Manures 

Animal manures, composed of excreta and litter, are the most 
important source of fertility added to the soil by man. F.vcn in 
China, where the greatest use is made of human excreta, animal 
manures are over four-fifths of the total. 

Since China does not eat much meat or drink much milk, it is 
generally assumed tliat she has a sjiarse livestock population. 
Most of her livestock consists of draft animals, oxen and water 
buffaloes. The amount of livestcK'k per crop acre is Iiighcr in 
(ffiina than in most other parts of the world. It is this dense 
animal population rather than the use of human excreta that 
down through the ages has maintained the fertility of C.hinese 
soils. 

In the cooler areas of Europe and North America, animals are 
barn-fed about six months of the year, and the manure is hauled 
onto the fields. Even under these favorable conditions, not more 
than lialf the manure is returned to the crop land. In areas having 
longer growing seasons, the number of livestock is lc.ss and more 
of the manure is dropped on pastures. Consequently, in warm 
climates there is little manure available for crops. 

To increase crop yields materially with animal manures, it 
would be nece.ssary to increase the number of animals or to 
utilize present supplies more efficiently. To expand livestock 
production, it would be necessary to increase the acreage of hay 
and pastures at the expense of the grains, and this is unlikely to 
occur. Crop yields could be increased by utilizing animal urine 
more completely and by hauling manure daily. Allowing it to 
accumulate in the barnyard wastes plant food. Present supplies 
of animal manure will be used more efficiently, however, only 
when food becomes more valuable relative to human labor than 
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it now is. A general increase in crop yields either from greater 
amounts or from more efficient use of present supplies of animal 
manure is unlikely to occur in the near future. 

Commercial Fertilizers 

Commercial fertilizers, which are now less important than 
manures, can be used to in< rease yields in various parts of the 
world. With the development of < onimercial fixation of nitrogen, 
there are literally unlimited supplies of this plant food available 
because of the great abundance of nitrogen in the atmosphere, 
whidi ( an be used over and over. The known supplies of ph(3s- 
phate and potash are adetpiate to pcnnit heavier applications 
wheie they ate now being used, and to jjennit their use on a 
greatly expanded acreage. 

The use ol < onimercial fertili/ers is a recent development that 
is in( Teasing lapidly. The amount used is still small and is largely 
limited to the United States and Europe, which together con- 
sume nearly po per cent of the world’s commercial fertilizers. 
'Ehey will (ontinue to increase their crop yields by using greater 
amounts. 'I'he Orient uses little (onimercial fertilizer because of 
lack of readily available siipjilies and jioor transportation fa- 
cilities. 

riie expanding production ol nitrates, phosphates, and potash 
has been ac(ompanie(l by a downward trend in the prices of 
fertilizers and an improvement in larm e(|uipment designed to 
handle them. These factors caused an expansion in the use of 
commeuial fertilizer on both good and p(jor soils. The largest 
bushel increases are. of course, obtained on the good .soils and 
the largest [lenentage increa.ses on the poor soils. 

Green Manure Crops 

In the cooler parts of the world green manure crops are rela- 
tively unimpoitaut because the short growing .season is sufficient 
only for growing the main crop. In areas with a longer growing 
season it is possible to jiroducc green manure crojjs either be- 
fore or after the main crops. Much of China has a long growing 
season, but her farmers plow' under few green manure crops. 
Instead, they raise another crop to feed more people. 
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The use of green manure crops is restricted because of the 
amount of human, animal, and meclianical power required to 
fit the land, plant the crop, and plow it under, and because of 
the difficulty of fitting such crops into the rotations without de- 
creasing food production. There is no question but that yields 
can be increased by the expansion ol green manure crops, but 
whether more people can be fed from the same area is another 
question. 

There is likely to be a greater increase in food production due 
to expansion in the use of commercial fertilizers than to the 
increased use of animal and human manures, or green manure 
croj)s. By more efficient use of these materials, yields can be in- 
creased. Such additions to the w'orld's food supplies, however, 
will be gradual and will extend over a long period of time. Future 
generations will find it difficult to measure their effects, because 
yields will also be influenced by expansion of acreage on poorer 
land, changes in weather, cultural practices, iinjiroxed varieties 
of crops, and the like. 

USING MORE LABOR 

There is little possibility of inci easing man’s food siq)ply by 
the use ol more labor on out j)resent acreage. Many persons note 
that potatoes, a crop on which miu h labor is used, [)roduce about 
115 bushels per acre, while wheat, upon which little labor is 
expended, produces only about 15 bushels. The conclusion is 
that food supplies could be increa.sed by the u.sc ol more human 
labor. The different e between yields of potatoes and wheat, 
howeser, is due primarily to the crop and not to the amount of 
labor. 

In a highly mechanized agriculture, such as that ol the United 
States, increased applications of human labor would be ac- 
companied by a decrease in the use of machinery. A decrease in 
yields would residt because mechanization permits better prepa- 
ration ol seed beds, belter cultivation, and better harvesting. 

At the other extreme, as in Asia where little mai hinery is used, 
there is little opportunity for increasing yields by the use of more 


55 



Preface 


T his book was written primarily for those interested in 
the world food problem. The authors make no special 
claims as authorities other than to appraise widely divergent 
views on the basis of the scanty information available. 

There is no scarcity of land with favorable topography, or 
adequate sunlight and carbon dioxide, or favorable tempera- 
ture, or reliable rainfall, or fertile soil, or adequate rainfall. 
There is, however, a serious shortage of land with the proper 
combinations of these seven factors that are so necessary for 
food production. 

This book is not a compendium of geological, biological, 
physiological, and meteorological knowledge. An attempt has 
been made to relate this technical material to the world food 
problem so that it can be understood by the ordinary reader. 

The authors wish to acknowledge the suggestions and criti- 
cisms of J. L. Buck, H. O. Buckman, P. C. Chao, H. F. DeGraff, 
H. B. Hartwig, R. A. Mordoff, D. Paarlberg, F. L. Platt, and 
G. P. Scoville; and the editorial work of M. Scudder. The full 
responsibility for inaccuracies, however, rests with the under- 
signed. 

F. A. Pearson 
F. A, Harper 
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human labor, since the maximum is already being used. The 
use of more labor per acre in Asia, though it would probably 
increase yields somewhat, would not sustain the additional 
laborers at even their present poverty level. 

The application of additional amounts of human labor does 
not increase yields proportionately. Those who recommend tliis 
method of increasing fo<xi supplies, therefore, propose that the 
standard of living of tlie world be reduced. It would be almost 
imfmssible to carry out such proposals in a civilization with a 
rising standard of living. 

USING MORE MACHINERY 

I'he internal combustion engine and modern machinery for 
lilting the land, cultivating, and harvesting the crop were a great 
advaiue over larming with lioises, and lioise power was a great 
advance over "the man with the hoe." Kacli step made it possible 
for farmers to lit the land better, to till cro|)s more thoroughly, 
and to harvest them with less loss. 'I'he sit kle leh more grain in 
the fields than the horse-drawn reaper, which in turn left more 
than the tractor-drawn combine. Mechanization has increased 
yields somewhat, l)ut the big eflet t has been in the food produc- 
tion per farmer. This makes it possible to divert .some energy to 
prtHlucing automobiles, more and better schools, and the like, 
all of which go to raise the standard of living. Mechanized equip- 
ment does not overcome the most important conditions limiting 
yields, the natural fertility of the soil and climatic conditions. 
,\lthough mechanization increa,ses yields and thereby production 
on the lands with good soils and favorable topography, it re- 
duces production on stony land and hilly areas which are usually 
thrown back into pasture. Mechanization also makes it un- 
profitable to cultivate small fields. 

The use of mechanical power replaces animal power. The 
amount of food available for other livestock or for man increases 
with a decrease in the amount fed to horses and other animals 
used for power. This substitution also affects the timing of farm 
work. For this reason heavy unseasonable rains interfere less with 
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mechanical power than with animal power when the ground is 
being prepared, planted, or cultivated. 

Where the standard o£ living is very low and labor is cheap, 
the mechanization o£ £ood production is almost impossible. It 
will be a long time be£ore the Orient’s £ood supply is augmented 
by mechanization. The problem there is to improve the hoe. In 
general, mechanization will increase the world’s £ood supply, but 
not so much as many persons believe. 

NEW AND IMPROVED VARIETIES OF CROPS 

Man has increased his food supplies by finding new plants or 
new uses for old ones. The dwarf bush lima bean was found by 
a Negro along a road in Virginia about 1885. The fruit of the 
tomato, once called love apples, and thought to he poisonous, 
was used only for decoration. It was not eaten until about 1850 
and is now one of our most important vegetables. 

The sugar beet is an outstanding example of the development 
of a new plant in modern times. In 1747 a Cierman scientist 
found a species of beets containing sugar identical to that in sugar 
cane, but attempts to establish sugar factories in Germany were 
unsuccessful. Later Napoleon subsidized sugar factories and sugar 
beet production to strike at England’s sugar trade. With polaris- 
copic analysis of the sugar content, improved varieties, better 
cultural practices, subsidies, and the like, beet production has 
expanded rapidly and now supplies the world with one-third of 
its sugar. 

One of the important means of increasing food production was 
the transfer of plants from one part of the world to another. The 
pea is said to have been known to the ancient Egyptian. Corn is 
an American institution, centuries old. Both have spread over 
the world. Potatoes, native to the cooler parts of South America, 
were carried to the mainland of Europe and to Ireland, and are 
now known as “Irish potatoes.’’ The world now produces eight 
billion bushels of white potatoes annually or four bushels per 
capita. 

For thousands of years citrus fruits have been grown in the 
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Orient. They were introduced into Florida in 1579 and into 
California in 1769, but expansion in the United States did not 
occur until die twentieth century. The strawberry is a cosmo- 
politan plant. It grows wild in Iceland as well as in warmer 
climates. Owing to the smallness of its seeds the strawberry is 
one of the most widely scattered fruits. 

“Turkey red” is a drought-resistant hard winter wheat from 
eastern Europe. It was imported into the United States and im- 
proved, and has increased our food supply by pushing wheat 
produc tion farther west onto the drier lands. 

'Fhe seed from which our chocolate bar is made has been 
known lor centuries. It was carried to the Gold Coast, and now 
African prcKluction of cacao exceeds that of the rest of the world. 
I'he soybean, a native of the Orient, was introduced into Pennsyl- 
vania in iHo.j but was unimportant until recently. During the 
last two decades the United States acreage has increased about 
ten times. 

Alfalfa in Arabic means "best fcxldcr.” It has been suggested 
that wlien Nebutha(ine//.ar was driven into the field and ate 
“grass," he really ate alfalfa. In 1857 Grimm, a German im- 
migrant, brought a few alfalfa seeds from his homeland to the 
United States. For fifty years he patiently saved seeds from plants 
that survived Minnesota’s rigorous winters. Now Grimm alfalfa, 
a hardy plant, is a byword with .American farmers. 

Down through the ages man has improved crops by the trial 
and error method. It was not. however, until Mendel’s laws of 
inheritance were discovered and rediscovered that rapid progress 
was made in improving varieties by scientific plant breeding. 
During the last half century this procedure has resulted in im- 
portant increases in food production through greater yields per 
ac re. The most recent spectacular development was hybrid corn, 
which has increased our corn belt yields 13 to 20 per cent. 

Plant scientists arc combing the earth for new plants and new 
varieties. The plant breeders are developing new strains which 
arc higher in food value or resistant to drought, disease, insects, 
and the like. Some of these improvements incTea.se yields on the 
present acreage, and others make it possible to produce food in 
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areas where it was not formerly grown. These methods will con- 
tinue to augment man’s food supply. 

DOUBLE CROPPING 

In many parts of the world more than one crop is produced on 
the land each \car. l)oul)le cropping is practiced extensively in 
.Vsia, but onl) to a limited extent in the rest ol the world. Double 
cropping is best measured by tlie i)ei tentage oi tlte crop area 
ha\ ing more than one crop yearly, l lie index of double cropping 
for (Miina is i,]9. On the a\erage, C'.hina produces a trop and a 
Iidli on every acre. Double cropping varies with climatic condi- 
tions. In northern China larmers produte one crop on the land, 
and in soutlicin Cltina, almost two; tlie indexes ate 107 and t7(), 
ie.spet tively. I he si/.e ot the farm does iu)t appear to affect the 
amount ol double cropping, but the type ol tiop is an important 
factor. Rite seedlings are planted immedi;ilely following the 
harvest t)l the lirst ttop. Ibuler the most laxorable tonditions, 
as many as three (tops of rite are raisetl each year. 

Double cropjting li;is not been extensive on any tontinent 
e.xtept .Asia. It is netessary to bate a long gnnving sea.son and an 
abundtmte oi lainlall 01 water lot irrigation. Kxtiuding Asia, 
titttsi ol the world’s loot! ts |)to(lu(ed itt ateas with a .short grow- 
ing seasott, whit It autotitatit ally ])toliibits dttuble ctojtping. In 
ittosl patts ol tiic wot Id where the seasott is long enough for 
double <iopj)iiig thcic is ittsullit ient itioisture. 'riiere is little 
likelihood th.'t uoild loot! produt tioti tan be iitt teased ma- 
terially b\ double t rojtping. 

LIVESrOCK IMPROVIMENT 

Man li\es largely on gras.sts. His grains are the .seeds of such 
grasses as rite atid wheat. His meat, milk, and eggs are trans- 
fortticd <>rass' ‘- inostb. stems attd stalks. /Mthough progress has 
beeti inatlt lit iiripio\ed hteeds o! Ii\estf);k, these advantes have 
not int reased tnatt’s loot! sujtjjly as muth as lt;is the improvement 
of t tops. 
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The larger animals have a slow rate of reproduction. Self- 
fertilization, which speeds the work of the plant breeder, cannot 
be used by the livesuxk breeder. In the case of livestock, it is 
difficult to separate the effects of inheritance from those of en- 
vironment, but with plants this is not so difficult. The number 
of animals with which man can work is almost insignificant when 
compared with the number of plants. Man can multiply a few 
varieties of plants rapidly and at relatively little expense. With 
livestock, however, the slower rate of multiplication makes rapid 
progress much more difficult. 

In the case of livestoc k, attention was generally directed toward 
appearance. One group developed the Shorthorn cattle, another 
the white-faced Hereford, and a third the blac k Angus. More at- 
tention was given to color, si/e, and form than to improving 
cattle as a (onverter of plants that man cannot or will not eat. 

Practically all the cattle once performed the tiiple function of 
supplying labor, meat, and milk. In much of the world this still 
holds true. In Clliina cattle are kept primarilv tor lalxn', and meat 
is a by-pioduct. In India also the) aie kept principally for labor; 
hides and ghee * are by-products. In western ITirope, the Amer- 
icas. and Oc eania the horse and the internal combustion engine 
are the primary some es of power, and c aitle are used for meat and 
milk production. During the last century there has been a wide- 
spread tendency to selcTt cattle for either meal or milk, so that 
today the dairy cattle are Cjuiie distinct from the beef cattle, 
riie separation of these functions increased their food prcxiiu- 
tion for man. 

Rapid stiides liave been made in l)reeding other types of live- 
stex'k. Our corn belt hog, a descendant of the wild boar and the 
ra/orback, has been bred to produce a maximum of meat and 
fat. Rapid progress has also been made in developing poultry 
for egg prcxlucticiii. Kgg production per hen has risen steadily, 
because of better feeding and beUer breeding. With the intro- 
ductiem of commercial flcx ks many disease problems have arisen 
and emphasis is now being placed on disease-resistant strains. 

Continued improvement in the efliciency with which live- 

1 Butterfat in a Uc]ukl or scmisolid form, aipable of being Wept for a considerable 
pcricKi of time. 
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Stock converts feed into meat, dairy, and ponhry products may 
be expected. The increased production, however, will not feed 
many people nor is livestock improvement as promising; as that 
of crops. 

Food production can be materially expanded on the present 
crop area by more complete conser\ation of animal manures, 
the expansion of commercial lertili/ers. the use of more ma- 
chinery, more eilicient livestock, new and improt ed varieties of 
crops, (ontrol of animal and plant di.seases, and more double 
(roj)j)in<>. The.se methods .seem to hold more promise for in- 
creasing the world’s food sujjply than does an expansion of acre- 
age. Changes, howexer, will be slow and gradual, with little 
likelihood that they will contribute much dining anv one gen- 
eration. In fact, the expansion will piohably be less than the 
growth of population. This forecast is based on our pre.sent 
knowledge. Of (ourse, larmers or .sdeutists may make revolu- 
tionary dis(()verie,s. These po.ssibilities. however, have been left 
to the Jules \'ernes. 
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Chapter 6 


Food from the Water 


ALMOS r tliree-fourths of the earth's suvlaee is covered with 
xjL water. I'liis vast area supplies man with less than hall ol one 
per cent of his food. Since “seaweed salads" have newer become 
popular, most of the food from the oceans, lakes, and streams has 
been fish, lobsters, oysters, shrimp, and the like. 

In view of the insignificant cpiantities of food now taken from 
these vast water areas, it wotild seem that the world’s food prob- 
lem could easily be solved bv mote fishing, riiere are, however, 
only a few areas in the oceans that arc populated by large num- 
bers of edible fish, easily c aught. large proportion ol the world’s 
fishing grounds are in the cooler waters of the northern hemi- 
sphere. The.sc grounds are within about 250 miles of the coasts 
and in waters lc.ss than 1,200 feet in depth. Fishing is most ex- 
tensive around Kuiope from the Mc-dilerrancan Sc‘a to Norway, 
around japan and the shoals of (’.hina, and around North Amer- 
ica from Cape C.od to the banks of Newfoundland and frcjni 
Oregon to Alaska. 

Fish, like man and the other animals, live either directly cu 
indirec tly on plants. Marine plant life is of two main types. One 
is a group of minute unrooted plants that grcjw near the surface 
of the water. The more important group consists of the algae 
rcx)ted to the ocean’s floor. 

Like land plants, marine plants live on sunlight, water, and 
plant food. Since water is not a problem, the limiting factors are 
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sunshine and plant food. The sun’s rays penetrate water only 
about 600 feet, and so marine plants grow largely in the shallow 
waters near land. Because of this fact most of the fish of the sea 
live in the shallow waters near the land, just as most of the people 
on the land live at the low elevations near the sea. 

Most of our commercial fish, like herring and mackerel, live 
near the surface and are caught with nets. Otliers, like cod, are 
caught at greater depths with trawls and baited hooks on a line, 
but this method is uneconomical below 2,000 feet. 

Because of lac k of sunlight and plant food, most of the earth’s 
vast water areas are literally deserts, supporting little life. Prob- 
al)ly about live per cent of the ocean contains an al)undance of 
plant life, a percentage which approximates the small propor- 
tion o( the eartli’s land surface producing food fcjr man. Even 
in the small part of the sea which has sufficient fish to make it 
worth while to attempt to catch them yields are low. For in- 
stance, in the English Clhannel, which is one of the world’s rich 
lushing spots, the catch has been c^Stimated at onh about five 
pounds p(‘r acre. Eh is is ecpii valent to about one pound of dry 
matter per acie, comparcxl witli about 2,000 pounds of coin per 
acre laisecl on Iowa’s rich soils. 

It man’s food sujijily is to be increased greath by more sea 
lood, it will be neccussarv to discover new fishing grounds, to cat 
mole kinds of lush, or to devise \\a\s either of catc hing more fish 
or raising more. Thcae is alwavs the jxissibility of discovering 
new fishing grounds, but in his long stiuggle for existence man 
must have sc'arc lu‘d the oceans rather thoroughly. Some increase 
in food could occur by eating species now considered inedible, 
but this would probably not increase consumption much. The 
problem, then, becomes one of getting more fish from present 
grounds. Eo fish them more intensi\ely would increase the catch 
for a lime. l)ut it would lead to a decrease later. Evidence of the 
effects of overfishing appeared after World War I when intensi- 
fied fishing in the North Sea resulted in a drop in both the daily 
c atch and the size of the fish. Our fish supplies will, therefore, be 
limited until man finds wavs of raising more fish. This calls for 
more plant food for the fish, and as yet no practical way has been 
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devised to increase the ocean’s plant lile. The prospect ot de- 
livering sunshine to more of the ocean’s floor is about as fantastic 
as that of irrigating the Sahara Desert or of wanning up Antarc- 
tica. 

It seems reasonable to assume that fish will continue to be an 
unimportant part of the world’s diet. T'he ocean, like the land, 
is a vast area, most of which will produce little or no food for 
man. Though some life can be found e\’erywhere, the ‘‘yields per 
acre and per hour of work” are so low over most of it that man 
cannot survive on tlie product of his labor. The carth‘s vast 
water areas are much more important to man as a some c of rain 
for his land crops, as a regulator of tenij^eraiure to cool his sum- 
mers and warm his winters, and as his cheaj)est means of tran.s- 
portation than they are as a .source of his food. 





Chapter 7 


Food and Population Problems 


F rom the stone Age to the pteseni lime man Itas Iteen look- 
ing tor ilie ' proinisefl land" where he can have a more 
abundant life. He hasliad no la< k ol leaders in thisseardi. There 
is nothing to indi( ate that lood will not toiuimie to be a pressing 
j)roblem in most pans ol the world. In lad, lood will probably 
be a more important problem in the lutine than it was dining 
the past tentui) when prodmtion was e\j)anding in the "new 
world.” It is on this period, however, that many persons base 
their ojitimislit predii tions ol the luture trends in world food 
production. 

Over hall the world’s population lives in Asia, which is by all 
odds the largest ( ontinent (table 22). A little over one-lout th live 
in Europe, which is one ol the .smallest. The temaitiing one- 
hfth is .scattered over the olhei lout contineitts wltiih lontprise 
about half the world’s land surface. 

There are ntany ways to ittcasure density ol population. 'The 
usual method is the amcjunt of land per person. On this basis, 
the world is long on land and shoit ol jteojtle since it has about 
t6 acres of land per inhabitant. Europe, the most densely popu- 
lated continent, has four acres per capita. Asia is a close .second, 
with only nine acres. Oceania, the lea.st densely populated, has 
nearly 200 acres per person. This test of density is not veiy satis- 
factory because of differences in the projrortion of good land 
on the various continents. The world’s greatest swarms of people 
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arc in the great ffxtd-producing areas. Most of the world’s largest 
(ities are in, or near, tliese areas. Millions of people discovered 
and settled the fertile areas long before the geographers and 
economists observed that they were there. 

,'\ more satisfactory test of the density of population is the 
amount of grain produced per person, (irain represents alrout 
three-fourths of man’s food. On this basis, Asia and .Africa are 
the most densely populated continents. Both produce about a 
(juarter of a ton of grain per person (table 22). North .America 

l Aiii K 22. WORLD POPUL.VriON AND GRAIN PRODUCTION 

GRAI.N 
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9 
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47 
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5 

52 
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1 

1 
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16 
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and Oceania are the least densely populated, with over three- 
fourths of a ton of grain jter capita. .Asia has about half the 
people and produces a little less than half the grain. Europe 
has the same proportion of the world’s population and of its 
grain prodtiction. 27 per cent. North .America is the only conti- 
nent where there is a striking dissimilarity; it has less than a tenth 
of the po|nilation but produces one-fifth of the grain. In general 
there is an uncanny relation.ship between continental popula- 
tions and the food produced. 

POPULATION THE WORLD CAN SUPPORT 

The nundjer of people the world food supply will support is 
dependent upon the standard of living. .At present the world 
supjxn ts a little more than two billion people, but on an uneven 
standard of living. Oceanians, North .Americans, and Europeans 
eat well, but even they do not eat so well as they would like. 
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If the world would accept the Asiatic standard, our present 
grain production would support almost three billion peoj)le/ 
an increase of about 30 per cent over the present population 
(table 23). Since Asia has the lowest standard of living, the popula- 
tion on each of the other continents would be imreased. The 
greatest increase would occur in North America, and most ol 
the remainder in Europe. 

Table 23. APPROXIMATE Nl^MBER OF PERSONS HI VI (;RAIN 
SUPPLIES COULD MAINTAIN ON DIEFEREN I S I ANDVRDS 
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1 1 
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!) 

VVORl.l) 
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Under a Noi ih Aniei it an standaid ol li\ ing, the j)resent world 
production would maintain fewer than a billion ])ersons, 01 less 
than half the jjreseni jK)pulation. Ehe gieatesl reductions would 
occur in Asia and 1 iirope, and there would be no continent 
with an increase. 

If the Euroj)ean standard ol living, as measured by grain, were 
to be the criteiion, the wen Id’s population would lemain about 
the same but its location would change. The greatest changes 
would occur in Asia and North America. Vhis standard would 
call for abc^ut the same increase in the North American popula- 
tion as the decrease in that of Asia. 

Although there is little opportunity to upgrade the world’s 
food habits in terms of total intake, there is thought to be a 

1 I his does not lake into consideiation the j'rain lhal anild l)c ptodiued on the 
hay and tillable pasture lands. 
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wonderful opportunity to upgrade the standard of living in 
terms of what is eaten. An increasing number of persons are be- 
coming internationally minded. The aim of some is to better 
their owm welfare; others, less selfish, want to help those hun- 
dreds of millions who are the world’s “downtrodden third.” 
better diets, i.e., more milk, meat, and eggs, for these people 
tan (ome only by (i) dividing more equally the world’s present 
prodiK tion of these highly prized foods, (2) increasing produc- 
tion of thc.se foofls on the poorer continents, or (3) reducing the 
number of people on the densely populated (ontinents. 

If the world’s animal foods weie rationed on the basis of an 
ecjual amount for all, there woidd be about one pound weekly 
per person. To attain this etjuality, it would be necessary for 
North Aineriia to rediue its consumption by two-thirds, Europe 
by one-half, and South America by one-third. Asia and .\frica 
would then c onsume about three times as nnu h of the.se products 
as at prc.senl. 

In the United States political capital has been made ol sym- 
pathy for the lower third, and various .S( hemes ha\c been pro- 
po.sed to raise its st.indaid of living. It is interesting to note what 
the elfett of world leveling would be on the diets of our poverty- 
stricken citizens. I'he lowest third in the I’nited States consumes 
about 120 pounds, drv, of animal produc ts a year. To attain 
complete world et]ualitv. that is, r,<.> pounds per capita on each 
continc'Ut, our lower third would be deprived of over half of its 
livestock products. 

Ecjualization can be attained by giving food to the poorer na- 
tions or by moving the people from the low- to the high-standard 
continents. Those who would ccjualize international welfare by 
redistributing food after it has been produced might better be 
supporting free immigration as a more practical means of ac- 
compli.shing the objective. It woidd be much cheaper to move a 
I (o-fwimd person once, than to move some i,}oo pounds of 
food every year. 

The second solution, increasing production, is apparently the 
hope of those who plan a bounteous future for the world’s dinner 
table. Some well-fed persons propose that the world’s food habits 
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be upgraded to their own level without any sacrifice on their 
part. To suggest that this can be done by increasing production 
of the highly prized foods is to propose the impossible. Fhese 
foods are produced from grasses and grains. In most areas it is 
practically impossible to increase the production of forage. In 
some the people eat practically all their grain, leaving little for 
animal feed. For them to feed more of their grain to livestock 
in order to have a better diet is one .sure wav to starve. Folks 
would rather live on their pre.sent diet than starve on a moic 
palatable one. 

Vociferous liberals and champions of the common man have 
voiced such objectives as "a quart of milk for everv 1 loitent(*t." 
Anyone who seriously projioscs such objet tites is fostering f;dsc 
hopes and, if belitned. promotes intci national misunderstand- 
ing. Even in the Ibiited States a tpiart of milk .1 day would be 
diflicult of atlaitnnent. Fhe propo.sal bec<)mes l.mtastic when 
applied to the world. Ptesent milk ptodnetion would be only one- 
third enough. I'o prodme the extra amount would retptiie the 
equivalent of enough grain to feed the present world population. 
This is in addition to the grain, pasture, and other roiightige the 
world is now producing. 

The third .solution, reducing the ])opul.uiou, would be very 
effective, lint the international |)lauueis have not yet brought 
forth even the agenda of sue h a plan. War, pc'stilenc e, ;mcl famine 
are methods of attaining this end, btil eveiy eliort is made to 
prevent or curtail them. In fact, they are considered worse than 
a lower standard of living. Unle.ss a .satisfactory and acceptable 
substitute for these methods of curtailing pc)|mhiiion can be 
found, agreed upon, and put into operation, there will be no 
freedom from either war or tvant. World War II reduced the 
population and brightened the prospects of more meat, chiiry 
and poultry products for those who survived, but prcjpcjsals are 
now being made to increa.se the pojtulation by glorifying or sub- 
sidizing motherhood. 

There is no shortage of plans and planners. There are those 
who would reduce disease. Others plan to end all wars, to jtrevent 
starvation and malnutrition, to eliminate fear and want, or to 
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raise the standard of living. Still others plan for more children 
for future defense. Many of these plans are essentially in conflict 
with one another. As in the past, wars, diseases, and famines 
will he major forces restraining the population. 

EUROPE’S WARTIME FOOD PROBLEM 

Some, not reali/.ing how high Kurope’s standard ol living al- 
leady is, believe it should be upgraded with more of the highly 
|)ri/ed loods. If the only two continents whuh have a higher 
standard. North America and Oteania, were to divide with 
I'urope, it would be necessarv for .North .America to reduce its 
standard ol living in terms ol these foods b) about one-fourth, 
and Oceania by one-hall. Since Kuiope has so many people and 
such a high standard ol living, each per.son s share would be in- 
c teased by only an eighth. 

Many believed that starvation and serious malnutrition were 
widespread in Furope and that this was due to the blockade 
which shut oil imports ol looci from oihei continents. .Articles, 
pictures, and other propaganda led to this general belief, riicjse 
parts ol Fuiope whose trade was unobstructed by the .Allied 
blockade, namely F.ngland, Iieland, Spain, Sweden, and Portu- 
gal, took about half of the F.uropean food imports before the 
war (table a.]). Flu'se countric's took most ol tlie imported live- 
stock pioducts and two-hfths ol the giain. 1 he .Allied blockade 
probably reduced Furope’s imported grain by about ;^5 billion 
pounds annually, which is a little more than one-tenth of its 
total food consumption. Muc h of this would ha\c gone to the 
Netherlands and Denmaik which, before the war, imported 
about ‘{2 billion pounds of grain and by-pioducts. It would prob- 
ably have been led to lisestock to produce eggs, pork, and dairy 
products for e\|>ort to F.ngland and other F.uropean countries. 

.As a result of the blockade, there was a reduc tion in the pro- 
duction of meat and dairy and poultry products, and the people 
ate rye. barley, and low-quality wheat, which were formerly fed 
tc? livestock. The heavy-grain consumers, hogs and poultry, were 
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liquidated more than the light-grain, heavy-foragc-and-pasture 
consumers, dairy and beef cattle, sheep, and goats. 

If the imports of grain that were interrupted by ilte blockade 
could have been fed to Europe's livestock, they would liave pro- 
duced about five billion pounds of livestock products. Tliis 
represents only about two per cent of normal consumption. 11 
the blockade reduced livestock pioduction live billion pounds,- 
Europeans would have had to eat an additional six billion 
pounds of grain. This is enough chatige to cause considerable 
comment, but not enough to cause widespread hunger. 

Taiu-f. 24. APPROXIMATE EUROPEW IMPORFS UNINTER- 
RUPTED BY THE BLOCKADE— 1)1 y. Billion Pounds 
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Western Europe is truly the largest garden spot of the world. 
It produces more food than any oilier continent extepi Asia, 
whuh is much larger. Despite its 575 million people, it has a 
high standard of living and feeds more grain to livestock than 
any other continent. Widespread famine is not likely to octur 
where large amounts of grain arc normally fed to livestock. II 
harvests are poor, or food is wasted or destroyed, human beings 
kill and eat the livestock, and then cat the grain formerly fed to 

2 A reduction of five billion pounds in the consumption of livestock piodiuts 
would result in a diversion of five billion pounds of grain from livestock fecTi to 
human focxl. This grain would have produced nearly a billion pounds of livestock 
prcxlucts, which would also have to be replaced with grain, or a total of about six 
billion pounds. 
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the livestock. During this war Europe made such adjustments 
and managed amazingly well. The only serious food threat was 
an extremely poor harvest, which rarely occurs in Europe. 

Eluropc has sufficient food to maintain herself during pro- 
longed wars. Although the standard of living will decline, she 
will even then be far above the low level experienced by Asia’s 
teeming millions. Asia, unlike Europe and North .\merica, has 
no shock absorber of livestock, which ncirmally use large amounts 
of grain. The result is that wars or poor harvests tjuickly bring 
starvation to millions. Japan is vulnerable because she has no 
livestock and imports much of her food. 

North .\merica has many sutplus and clclicit tood areas. Eor 
instance, New England is a great clclicit area, and Illinois and 
Iowa ate surplus areas. vSimilaily, Eurojte has both surplus and 
deficit areas. In the deficit aieas, the war brought stai cation 
and malnutrition. Hut this was due not to an over-all shortage 
of food, but to the chaos of war and the disrujttion of the ch.m- 
nels of ttade. There were, of com. sc, the inec itable wastes of evar, 
which were impossible to estimate. 

When the Allies landed on the Norniandc (lo.ast in the sutn- 
mer of icH-p thete were stories about food being rushed to 
E'rance’s civilians. At the same time there cvere other stories 
that the invaditig .Mliecl armies found that food was abundant 
there and that the people were generally well fed. This ama/ed 
all who had jtictured the European continent as a m.iss of starv- 
ing humanity. Anyone who had studied a little agricultural 
geography knew that this j)art of Eram e evas highly productice 
and supplied Haris and other adjacent cities with food. 

E'.urope had many food-deficit pcxkcts that could not be sup- 
plied with food from other continents during the war. These 
areas had evidespread starvation and malnutrition. During the 
evar their population was reduced to the food available from 
adjacent areas. The relief and postwar needs of such areas should 
nert be measured in terms of their preevar pcjpulations. In our 
enthusiasm to aid these areas, it should be remembered that no 
amount of food will rccive those who starved. 

When there is less propaganda and more fact, it cvould not 
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be surprising to find that there had been much less distress 
in Europe than was anticipated. When the soldiers return to 
their peacetime activities, Europe will certainly produce large 
amounts of food, as she did before the war, for a population 
materially reduced in numbers.-' Farmers of surplus-food con- 
tinents should not overestimate the postwar European market. 
Of course, it will always be a good market for free food, but con- 
sumers on the “surplus” continents will object to the adoption 
of such a policy. 

EUROPE, THE DANGER SPOT 

It is obvious that there is an uneven distribution of the con- 
tinental populations relative to grain supplies. Since food pro- 
duction is the most important factor limiting jropulation, it is to 
be expected that the danger spots would be those with large and 
dense populations and little grain, the world’s principal food. 
.Africa has a low production of grain per capita, but the popu- 
lation is small and widely scattered over the second largest (on- 
tinent. For these reasons Africa is not likely to be a serious 
jiroblem. 

From the standpoint of food supplies alone, Asia is generally 
considered the world’s real danger spot. Her people are not ac- 
cepted as immigrants in other parts of the world, and so 
starvation, disease, and the war lords keep the population in 
adjustment with the food supply at a subsistence level. The 
standard of living, however, is so low that the nations of Asia 
cannot build up the reserves necessary for a gigantic conflict. 

Only the richest parts of the world can afford the luxury of 
starting struggles like either World War 1 or II. Europe is the 
danger spot. It is rich in agriculture and other natural resources 
and has a great industrial plant. It has had a high standard of 
living, which has been rising. It has the second largest continental 
population, which has been increasing. For over a century the 

^This discussion applies to Europe as a continent and not to problems of dis- 
tribution that may arise in any European country under unpredictable foreign 
administration. 
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excess spilled over into North and South America. As long as 
this was possible, Europe was not embroiled in great wars.* This 
honeymoon for Europe is ov'cr, however. Recently Europe has 
found it difficult to find outlets for its excess population or mar- 
kets where its industrial products can be traded for food. Al- 
though wars may arise from a wide variety of causes, such as 
the ambitions of ruling classes, religious differences, and the like, 
most of them ari.se from actual or imagined economic differences. 
Hitler stated the fundamental causes of war very simply and 
clearly — more Icbensraum. .Since there are so few of the good 
things of life and they are so unevenly distributed, there is plenty 
of imentive to attempt to redistribute them. Past histois does 
not indicate that this e(]uality will be established by voluntary 
or peaceful methods. It is more likely that the stronger groups 
of men will .seize, or attempt to seize, fertile valleys, plains, or 
countries from their weaker neighbors, if they feel that they do 
not have adeejuate food supplies. World Wars I and II were 
attempts at redistribution, and, as the pre.ssure of population on 
the food supply increases, there will be more. The more in- 
tegrated and interdependent the relationships between conti- 
nents become, the more likely it is that trouble will arise. 

If Europe is to maintain its increasing population and high 
standards of living, it must continue to export more and more 
mantifactured products from its industrial centers and import 
more food in excliange. Since this is becoming increasingly difli- 
cult, howe\er. violetit explosions arc likely to occur unless some 
kind of action is taken to dissipate them. Unfortunately, few 
j)ersons can forecast changes in this delicate mechanism, see 
them as they occur, initiate effective remedies, or do anything to 
overcome them. 

During the past forty or fifty years Europe has experienced 
difliculty in obtaining increasing supplies of the cheap food that 

* During the last nine tcnluries the intensities of European wars rose sharply, 
but fell in the eighteenth century and declint'd sharply in the nineteenth. With the 
twentieth century the intensity again rose sharply. 

Dining the sixteenth and seventeenth centuries the major European countries 
were at war al)Out 65 per cent of the time, but during the eighteenth and nine- 
teenth centuries the percentage declined to 38 and 28 per cent, respectively. 
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was so abundant prior to about 1900. Furthermore, Europe’s 
industrial plant has met increasing competition from other con- 
tinents. Food exports from the United States declined rapidly 
from about 1900 until about 1912, when the nation began to 
import more food than it exported. This was a period of relative 
scarcity. The world price level was rising, and world food prices 
were rising more rapidly than other prices. The expression, "the 
high cost of living." was coined in the United States and .soon be- 
came world-wide. 

Europe was also disturbed by the so-called .American invasion, 
a European term lor the rapid expansion of industrial experrts 
from .North America. This invasion was no myth. Since 
the nineties the exports of finished manufactured goods of the 
United States ha\e risen from ir, to almost 50 per cent of the 
total. ()\er a relatively .short time the United States suddenly 
changed from an exporter to an importer of food, and fiom an 
importer to an exporter ol manulactured jnoducts. Further- 
more, as the new continent became settled, it set up restrictions, 
cjuotas, and the like against immigration from Europe. 'Ehis 
w'as a perfect setting for a gigantic struggle by nations for their 
“place in the sun." The blame, however, was laid on tho.se areas 
or persons that made stretuious eflorts to correc t tlie real or pte- 
.sumed inequities. The Kaiser was generally believed to be the 
cau.se of World War I just as Hitler was blamed for Wot Id War II. 
They merel> jjersonified the underlying cau.ses. Europe had been 
finding it more and more difficult to sell increasing amounts of 
manufactured products in order to buy increasing amounts of 
cheap food svith which to maintain an inc reasing population and 
to support a rising standard of living. 

Around the turn of this c entury the pressure of population on 
food supplies stimulated a rapid expansion in the “.science of 
agriculture.” The number of agricultural ccjlleges and experi- 
ment stations increased rapidly, and those that had been estab- 
lished prior to this period expanded their wcjrk. The world-wide 
problem w'as “to make two blades of grass grow where one grew 
before.” Huge amounts of money were poured into agricultural 
research, extension, and teaching in many countries, with the 
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aim of increasing supplies, improving efficiency, and reducing 
the costs of man’s food. 

After the close of World War I, commodity prices declined 
for alwut two decades. Since falling prices are generally associ- 
ated with increasing supplies, it was thought that there was an 
abundance of food. The “surplus” idea increased gradually dur- 
ing the twenties and rapidly during the thirties. The professors 
of soils, agronomy, and plant breeding, whose job it was to in- 
crease production, lost their place in the sun to those economists 
who had a myriad of plans for the disposal, curtailment, and 
prevention of the imagined surpluses. Countless programs were 
started and billions of dollars were spent in attempts to curb 
production and “buy” scarcity. During the latter part of this 
period the ill-ferl and undernourished were discovered, redis- 
covered, and suddenly brought into the foreground. These two 
ideas — abundance and scarcity — are incompatible. 

Kven with the so-called surpluses, food supplies did not keep 
pace with population, and there were many barriers to the 
movement of food. Kurope tontinued to have difhculty in finding 
markets for increasing amounts of manufactured products.® The 
expanding industries of japan, China, India, Canada, and the 
United States made these areas less dependent on I'.urope’s in- 
dustrial plant than formerly. The decreasing market tor Europe’s 
industrial products and the increasing difficulty of obtaining 
food under the restrictions set up because of the so-called world 
surplus resulted in either a leveling off of the rising standard of 
living that Europe had long experienced or an actual decline. 
Such a condition is a perfect setting for a world-wide struggle. 
Some groups hoped to maintain or raise their own standard of 
living with mote food and greater markets for their products 
by expanding the lebensraum. Others were interested only in 
self-protection. 

Europe is still the largest producer of manufactured products 

ft The cx[>ori market for steel is very important to western Europe, w hich pro- 
duces al>out as much steel as the United States. Our exjxuis represent al)Out 7 
per cent of our production, whereas European e\jx)rts range from 21 per cent for 
Germany to 94 per cent for Belgium and Lu\emlx)urg. 
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and the largest importer of food. It is most dependent, therefore, 
on the free flow of products through international trade. Re- 
gardless of our theories in la\or of Ivee trade, there has been a 
tendency to raise trade barriers. .\s tlie world population ex- 
pands, this trend will doubtless continue. 11 regimentation be- 
comes the order, countries will become more nationalistic and 
le.ss internationally minded than they would be with a free 
economy. 

There are straws in the wind indie ating that Kurope will con- 
tinue to be laeed with the problem of increasing competition, 
riiis will tall for an adjustment in her population or her stand- 
.trd of living. In the process there are likely to be (juarrels 
among those countries which have the highest .standards of 
living and are most dependent on wot Id trade. 

H, after World War II, some parts ol the world continue to 
think that they are suffering from a shortage ol lood while others 
ha\ca surplus, they will make war in the attempt to obtain a tnore 
equitable distribution of the good things of life. It seems reason- 
ably clear that there are no large aieas of new land to be brottght 
into cultivation, that each continent will tend to nianufac tttre 
an increasing jiroportion of the products it constttnes, that im- 
migration will continue to be restrictc'cl, and that there will be 
insufficient controls to prevent population from exjtanding. In 
that event Europe, as in the past, will be the real danger spot in 
the world. 
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Appendix 


I T W'AS not j)os.siblc to date the statistical infonnation on con- 
sumption and production because of tlie lac k of comparable 
data, riic data on consumjJtion studies extend Irom the twenties 
to the tliirties. /Vs lar as possible the data on production were 
for the thirties, immediately preceding World War II. rhe data, 
therefore, are appioximations and are .so designated in the tables. 

Pounds ol dry matter were used instead of calories becau.sc ol 
the difiic ulty ol visuali/ing a calorie. 

Sintc this manuscript was prepared lor the layman and not 
for the etonomist, .sdentist, or .statistician, details and .specific 
references were omitted. Most ol the .scientific and statistical 
information were taken from the .sources listed in the biblicjg- 
raphy. 
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